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RG1. Purpose and Scope 

ACM RG documents the methods and assumptions used for calculating the hourly energy use for residential 
water heating systems for both the proposed design and the standard design. The hourly fuel and electricity 
energy use for water heating will be combined with hourly space heating and cooling energy use to come up 
with the hourly total fuel and electricity energy use to be factored by the hourly TDV energy multiplier. The 
calculation procedure applies to low-rise single family, low-rise multi-family, and high-rise residential.  

When buildings have multiple water heaters, the hourly total water heating energy use is the hourly water 
heating energy use summed over all water heating systems, all water heaters, and all dwelling units being 
modeled. 

The following diagrams illustrate some of the cases that are recognized by ACM.   

1 One distribution system with two water 
heaters serving a single dwelling unit.   

 

2 Two distribution systems, each with a single 
water heater serving a single dwelling unit.   
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3 One distribution system with one water heater 
serving multiple dwelling units.   

 

4 Single distribution system with multiple water 
heaters serving multiple units.   

 

The following rules apply to the calculation of water heating system energy use:  

• One water heater type per system, e.g. no mix of gas and electric water heaters in the same system 

• One solar or woodstove credit (but not both) per system 

RG2. Water Heating Systems 

Water heating distribution systems may serve more than one dwelling unit and may have more than one piece 
of water heating equipment. The energy used by a water heating system is calculated as the sum of the energy 
used by each individual water heater in the system. Energy used for the whole building is calculated as the 
sum of the energy used by each of the water heating systems.  To delineate different water heating elements 
several indices are used.   

i Used to describe an individual dwelling unit.  For instance CFAi would be the conditioned floor area of the 
ith dwelling unit.  "N" is the total number of dwelling units.   

j Used to refer to the number of water heaters in a system.  "M" is the total number of water heaters.   

k Used to refer to a water heating system or distribution system.  A building can have more than one system 
and each system can have more than one water heater.   

RG3 Hourly Adjusted Recovery Load 

The hourly adjusted recovery load (HARL) can be calculated by Equation RG-1 through Equation RG-67.  

Equation RG-1 kkkkk HRDLSSMDLMHSEUHARL +××=   

This equation calculates the hourly recovery load on the water heater. The hourly adjusted recovery load 
(HARL) is the heat content of the water delivered at the fixture (HSEU) times the distribution loss multiplier 
(DLM) times the solar saving multiplier (SSM) plus the hourly recirculation losses between dwelling units 
(HRDL), which only occurs for multi-family central water heating systems and is zero for single family dwellings. 
The DLM will generally be greater than one, which means that heat is wasted as water flows from the water 
heater to the fixture. The DLMk is constant for all hours with water heating end use. SSMk is the solar savings 
multiplier for all solar systems. The methods for determining SSMk for systems using SRCC OG 300 rating 
methods are in Section RG3.4.1 and for systems using SRCC OG 100 rating methods are in Section RG3.4.2. 

 

Equation RG-2 TGPH345.8HSEU kk ∆××=  

This equation calculates the hourly standard end use (HSEU) for each hour at all fixtures. The heat content of 
the water delivered at the fixture is the draw volume in gallons (GPH) times the temperature rise ∆T (difference 
between the cold water inlet temperature and the hot water supply temperature) times the heat required to 
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elevate a gallon of water 1ºF (the 8.345 constant). GPH are calculated in a manner consistent with the 
Standard Recovery Load values in the current water heating methodology (see RG3.2.1 Pipe Insulation 
Eligibility Requirements). 

 

Equation RG-3 inlets TTT −=∆  

Temperature difference (ºF) between cold water inlet temperature Tinlet and the hot water supply temperature 
Ts.  

 

Equation RG-4 ( ) kkk DSM1SDLM1DLM ×−+=  

This is the equation for the distribution loss multiplier. It combines two terms: the standard distribution loss 
multiplier (SDLM), which depends on the size of the dwelling unit and the number of stories, and the 
distribution system multiplier (DSM) listed in Table RG-2. For point-of-use (POU) distribution systems located in 
close proximity to all hot water fixtures (see RG3.2.1 Pipe Insulation Eligibility Requirements), DLM is equal to 
one, e.g. there are no distribution losses. 

 

 

Equation RG-5 kk CFA00010.0074.1SDLM ×+= kCFA0.0000841.064kSDLM ×+=  

This equation gives the standard distribution loss multiplier (SDLM) for one story dwelling units, based on CFAk 
(equal to the total CFA divided by the number of water heaters per dwelling unit). Multi-family SDLM’s will be 
calculated based on the one story equation and the average CFA for all units. CFAk is capped at 2500 ft2 for all 
single and multi-family units. 

 

Equation RG-6 kk CFA00008.0993.0SDLM ×+= kk CFASDLM ×+= 00005600231 ..  

This equation gives the standard distribution loss multiplier (SDLM) for two and three story dwelling units, 
based on CFAk (equal to the total CFA divided by the number of water heaters per dwelling unit). CFAk is 
capped at 2500 ft2 for all single and multi-family units. 

 

Equation RG-7  ASSF - 1 SSM kk ×=  

This equation gives the solar savings multiplier (unitless) for the kth water heating system. Equation RG-11 and 
Equation RG-12 provide more detail. 

where 

HARLk = Hourly adjusted recovery load (Btu).  

HSEUk = Hourly standard end use (Btu). This is the amount of heat delivered at the hot water fixtures 
relative to the cold water inlet temperature.  
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HRDLk = Hourly recirculation distribution loss (Btu) is the hot water energy loss in multi-family central 
water heating recirculation systems (See RG3.5 Hourly Recirculation Distribution Loss for 
Central Water Heating Systems).HRDL is zero for all single family water heating systems and 
for multi-family systems with individual water heaters. 

DLMk = Distribution loss multiplier (unitless).  

GPHk = Hourly hot water consumption (gallons) of the kth system provided in RG3.1 Hourly Hot Water 
Consumption (GPH).  

Ts = Hot water supply temperature of 135ºF. 

Tinlet  = The cold water inlet temperature (ºF) provided in RG3.3 Cold Water Inlet Temperature.  

SDLMk = Standard distribution loss multiplier (unitless). This is calculated using Equation RG-5 for single 
story dwelling units and from Equation RG-6 for dwelling units with two or more stories.  All 
multi-family projects utilize Equation RG-5 and the average dwelling unit CFA. 

DSMk = Distribution system multiplier (unitless) provided in RG3.2 Distribution System Multiplier (DSM) 
within the Dwelling Unit.   

CFAk = Conditioned floor area (ft2) capped at 2500 ft2 for all single and multi-family units. 

When a water heating system has more than one water heater, the total system load is assumed to be shared 
equally by each water heater.  The HARL for the jth water heater is then shown in the following equation.   

Equation RG-8 
k

k
j NmbrWH

HARL
HARL =  

where 

NmbrWHk =  The number of water heaters in the kth system. 

RG3.1 Hourly Hot Water Consumption (GPH) 

The average daily hot water consumption GPD for a dwelling unit is equal to 21.5 gallons/day plus an 
additional 14 gallons per day for each 1000 ft² of conditioned floor area. Consumption is about 31.3 gallons/day 
for a 700 ft² apartment and 56.5 gallons/day for a 2500 ft² dwelling unit. The equation for daily hot water 
consumption can be expressed as follows: 

Equation RG-9 II CFA014.05.21GPD ×+=  

where 

GPDi =  Average daily hot water consumption (gallons) of the ith dwelling unit.  

CFAi =  Conditioned floor area (ft²) of the ith dwelling unit. When actual conditioned floor area is greater 
than 2500 ft², 2500 should be used in the above equation.  

The hourly water consumption GPH of the kth system is calculated using the average daily hot water 
consumption and the hourly water consumption schedule for all dwelling units served by the system.  

Equation RG-10 m
i

ik SCHGPDGPH ×












= ∑   

where 

GPHk =  Hourly hot water consumption (gallons) of the kth system. 
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SCHm  =  Fractional daily load for hour “m” from Table RG-1. 

m =   Hour of the day. 

There are significant variations between hot water usage on weekdays and weekends, and separate schedules 
are used. The hourly schedules shown in Table RG-1 shall be used for calculating the hourly hot water 
consumption. These data are used for dwelling units of all types.  

Table RG-1 Hourly Water Heating Schedules 
Hour Weekday Weekend 

1 0.014 0.018 

2 0.008 0.010 

3 0.009 0.009 

4 0.011 0.008 

5 0.020 0.015 

6 0.044 0.023 

7 0.089 0.026 

8 0.107 0.047 

9 0.089 0.077 

10 0.066 0.083 

11 0.052 0.074 

12 0.038 0.061 

13 0.036 0.051 

14 0.033 0.043 

15 0.032 0.039 

16 0.026 0.039 

17 0.042 0.052 

18 0.048 0.058 

19 0.052 0.056 

20 0.047 0.052 

21 0.042 0.047 

22 0.039 0.044 

23 0.036 0.040 

24 0.022 0.028 

Sum 1.000 1.000 

RG3.2 Distribution System Multiplier (DSM) within the Dwelling Unit 

The distribution system multiplier (unitless) is an adjustment for alternative water heating distribution systems 
within the dwelling unit.  A value of one is used for standard distribution systems defined as a “main and 
branch” piping system with the portion of all lines leading from the water heater to the kitchen fixtures that are 
equal to or greater than ¾ inch diameter insulated to a nominal R-4. Values for alternative distribution systems 
are given in Table RG-2. 
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Table RG-2 Distribution System Multipliers within a Dwelling Unit with One or More Water Heaters 
Distribution System Measure Code  DSM 

Pipe Insulation (all lines) PIA 0.90 0.92 

Point of Use POU  0.00 

Pipe Insulation (kitchen lines = 3/4 inches) – Standard 
Case 

STD PIK 1.00 

Standard pipes with no insulation SNI 1.19 

Parallel Piping PP 1.04 1.09 

Recirculation (no control) RNC 4.52 4.81 

Recirculation + timer control RTm 3.03 3.22 

Recirculation + temperature control RTmp 3.73 3.97 

Recirculation + timer/temperature  RTmTmp 2.49 2.65 

Recirculation + demand control RDmd 1.31 1.39 

RG3.2.1 Pipe Insulation Eligibility Requirements 

Mandatory Measures for pPipe insulation on the first five feet of hot and cold water piping from storage gas 
water heaters and for pipe insulation for non-recirculation systems on all piping from the water heater to the 
kitchen fixtures (kitchen sink and dishwasher) is a mandatory measure as specified in Section 150 (j) of Title 
24, Part 6.  Note that exceptions 3, 4 and 5 to Section 150 (j) apply to all pipe insulation that is required to meet 
the mandatory measure requirement or that is eligible for compliance credit. 

Pipe insulation credit available if all remaining hot water lines are insulated. Insulation shall meet mandatory 
minimums in Section 150 (j). 

Overhead Plumbing for Non-Recirculation Systems. All plumbing located in attics with a continuous minimum 
of 4 in. of blown insulation coverage on top of the piping will be allowed to claim the “all lines” pipe insulation 
credit, provided that: 

1. Piping from the water heater to the attic, and  

2. Piping in floor cavities or other building cavities are insulated to the minimum required for pipe insulation 
credit.  

RG3.2.2 Point of Use Water (POU) Water Heaters Eligibility Requirements 

Current requirements apply.  All hot water fixtures in the dwelling unit, with the exception of the clothes washer, 
must be located within 8’ (plan view) of a point of use water heater.  To meet this requirement, some houses 
will require multiple POU units. 

RG3.2.3 Recirculation Systems Eligibility Requirements 

All recirculation systems must have minimum nominal R-4 pipe insulation on all supply and return recirculation 
piping.  Recirculation systems may not take an additional credit for pipe insulation. 

The recirculation loop must be laid out to be within 8 feet (plan view) of all hot water fixtures in the house (with 
the exception of the clothes washer). 

Approved recirculation controls include “no control”, timer control, time/temperature control, and demand 
control. Time/temperature control must have an operational timer initially set to operate the pump no more than 
16 hours per day.  Temperature control must have a temperature sensor with a minimum 20°F deadband 
installed on the return line.   

Demand recirculation systems shall have a pump (maximum 1/8 hp), control system, and a timer or 
temperature sensor to turn off the pump in a period of less than 2 minutes from pump activation. Acceptable 
control systems include push buttons, occupancy sensors, or a flow switch at the water heater for pump 
initiation.  At a minimum, push buttons and occupancy sensors must be located in the kitchen and in the master 
bathroom. 
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RG3.2.4 Parallel Piping Eligibility Requirements 

Each hot water fixture is individually served by a line, no larger than ½ in., originating from a central manifold 
located no more than 8 feet from the water heater. Fixtures, such as adjacent bathroom sinks, may be “doubled 
up” if fixture unit calculation in Table 6-5 of the California 2000 Uniform  Plumbing Code allow. 

Acceptable piping materials include copper and cross-linked polyethylene (PEX), depending upon local 
jurisdictions.   

3/8 in. lines are acceptable, pending local code approval, provided minimum required pressures listed in the 
California Plumbing Code 2000 UPC (Section 608.1) can be maintained. 

Parallel Ppiping to the kitchen fixtures (dishwasher and sink(s)) that is equal to or greater than ¾ inch in 
diameter must be insulated to comply with Section 151 (f) 8 D the mandatory measure for kitchen line pipe 
insulation. 

RG3.3 Cold Water Inlet Temperature 

The water inlet temperature varies monthly by climate zone and is equal to the assumed ground temperature 
as shown in Table RG-3.   

Table RG-3 Monthly Ground Temperature (ºF) 
Month Climate  

Zone 1 2 3 4 5 6 7 8 9 10 11 12 

1 52.2 51.5 51.4 51.8 53.1 54.5 55.6 56.4 56.4 55.8 54.7 53.4 

2 53.3 51.5 51.4 52.2 55.6 58.9 61.8 63.6 63.8 62.3 59.5 56.3 

3 55.1 54.1 54.0 54.5 56.5 58.5 60.3 61.4 61.5 60.6 58.9 56.9 

4 55.5 54.0 53.9 54.6 57.5 60.3 62.8 64.3 64.5 63.2 60.8 58.0 

5 55.7 54.8 54.7 55.2 56.9 58.7 60.2 61.1 61.2 60.4 59.0 57.3 

6 59.1 58.1 58.0 58.5 60.4 62.4 64.0 65.1 65.2 64.3 62.7 60.8 

7 60.1 59.1 59.0 59.5 61.5 63.4 65.2 66.2 66.3 65.5 63.8 61.9 

8 60.0 58.8 58.7 59.2 61.6 63.9 66.0 67.3 67.4 66.3 64.3 62.1 

9 60.5 59.1 59.0 59.7 62.2 64.8 67.1 68.5 68.6 67.5 65.3 62.8 

10 59.4 57.6 57.4 58.3 61.8 65.2 68.2 70.1 70.2 68.7 65.8 62.4 

11 54.9 52.4 52.2 53.4 58.2 63.0 67.2 69.8 70.0 67.9 63.8 59.2 

12 54.6 52.5 52.3 53.3 57.3 61.3 64.8 67.0 67.2 65.4 62.0 58.1 

13 57.5 54.7 54.5 55.8 61.0 66.2 70.6 73.5 73.7 71.4 67.0 62.0 

14 54.2 51.2 51.0 52.4 58.2 63.9 68.8 72.0 72.2 69.7 64.8 59.3 

15 66.8 64.0 63.8 65.1 70.4 75.8 80.4 83.3 83.6 81.2 76.7 71.5 

16 44.4 41.8 41.6 42.8 47.7 52.6 56.8 59.5 59.7 57.5 53.4 48.7 

RG3.4 Solar Savings Multiplier 

Solar water heating systems and collectors are rated using information from the Solar Rating and Certification 
Corporation (SRCC). Two types of ratings are possible., Tthose using SRCC OG-300 are for systems, and 
those using SRRC OG-100 are for collectors that will be used in built-up systems.  

RG3.4.1 Determining Solar Savings Multiplier for SRCC OG-300 Rated Systems 

For solar water heating systems rated using SRCC OG-300, the solar savings multiplier SSMk is calculated as 
follows: 

 

Equation RG-11  
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where 

EFtest,k = Energy Factor used in SRCC OG-300 rating method for auxiliary water heater type used for 
rating. Two values are possible, 0.90 for a rating with an electric auxiliary water heater and 
0.60 for a rating with a gas auxiliary water heater. 

Qdeltest =  The standard OG-300 energy in the hot water delivered, 41,045 Btu/day. 

SEFrated,k = The SEF rating as described in SRCC OG-300 and the Summary OG-300 directory for the kth 
system. 

3500 = Average parasitic loss for a Forced Circulation system (Btu/day). 

SYStype,k = The OG-300 system type.  There are four system types rated in OG-300. Forced Circulation, 
Integral Collector Storage, Thermosyphon, and Self-Pumping.  For Forced Circulation type 
systems this value is set to one.  For all others, it is set to zero. 

GPHk =  Hourly hot water consumption (gallons) of the kth system. 

64.3 = The standard OG-300 water draw of 64.3 gallons per day. 

Ts = Hot water supply temperature of 135ºF. 

Tinlet  = The cold water inlet temperature (ºF) provided in Table RG-3.  

77 =  Difference between Ts and Tinlet used in OG-300 test (ºF). 

1500 =  OG-300 test daily solar insolation (Btu/hr-ft2). 

Ihor,hr =  Hourly Horizontal solar insolation from weather data for each climate zone (Btu/hr-ft2). 

Hr =  Hour of the day from 1 through 24. 

A = An adjustment factor to account for piping losses. For Forced Circulation systems A equals 0.9 
to account for collector to tank circulation piping heat loss effects.  For other systems, A equals 
1.0. 

Eligibility Criteria 

In order to use this method, the system must satisfy the applicable eligibility criteria, including: 

• The collectors must face within 35 degrees of south and be tilted at a slope of at least 3:12.  

• The system must be installed in the exact configuration for which it was rated, e.g. the system must have 
the same collectors, pumps, controls, storage tank and auxiliary system fuel type as the rated condition.  

• The system must be installed according to manufacturer’s instructions.  
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• The collectors shall be located in a position that is not shaded by adjacent buildings or trees between 9:00 
AM and 3:00 PM (solar time) on December 21. 

RG3.4.21 Determining Solar Savings Multiplier for SRCC OG-100 Rated Equipment 

Calculating solar hot water system energy contributions requires that the system be modeled using F-chart. 
Version 4.0 and all later versions can be used to calculate the percent of water heating energy delivered by the 
solar system.  The data listed in Table RG-4 should be followed as inputs and guidelines for correctly modeling 
solar hot water systems.  If the collector type is not flat plate then the user should refer to the F-chart user 
manual.  

Table RG-4 Prototype Solar System  
F-Chart Parameter  Value 

Collector - Number of   Enter the number of collectors in the system 

Collector Area Enter square feet of the collector listed in the SRCC directory 

Collector (test slope) or FR*UL from SRCC data Enter the value listed in the SRCC directory ( I.E. -.272) 

Collector (test intercept) or FR*TAU*ALPHA from 
SRCC data 

Enter the value listed in the SRCC directory (I.E. .5007) 

Collector Slope EnterUse degrees (I.E. 23)from horizontal 

Collector Orientation Enter orientation as an azimuth, with 0 representing north.  Enter a value 
between 0 and 180, with south being 0.  F-chart does not distinguish between 
East and West. 

Collector Incident angle modifier calculation Should always be s Set to glazing. 

Number of glass covers Enter the number of the layer of transparent covers for the collector. 

Collector Flow Rate/Area Unless cCalculated or set to a default of 11 lb/hr-ft2 should be used.  This value 
isIf calculated, determine the value by dividing the flow rate of the system by the 
collector area. 

Collector Fluid Specific Heat Should be sSet to 1.00 for water, 0.8 for glycol and 0.23 for air.  Units in Btu/lb-F. 

Collector Modify Test Values Should always be s Set to “no.” 

System location Select the city that represents the climate zone the permitted building is located 
in. 

System water volume/collector ratio Calculated by dividing the volume of the storage tanks and collectors by the 
collector area.  Does not include piping volume. 

System auxiliary fuel type The default is gas – this input does not change results 

System Efficiency of (auxiliary) fuel usage The default isSet to 1– this input does not change results. 

System Daily hot water usage Value must be calculated using Equation RG-9. 

System water set temperature Value must be set to 135. 

System environmental temperature Value must be the January value from table RG-3. 

System UA of auxiliary storage tank Calculated using the value determined with Equation RG-33 times 1/R value of 
the insulation.  

System pipe heat loss Value may be aAssumed value to be 0. 

System collector-store heat exchanger Enter Yes or No. 

Tank-side flow -rate/area Entered in lbs/hr-ft2 is the mass flow rate of water from the storage tank through 
the collector-storage heat exchanger divided by the total collector area.  (This 
value should be s Set this to a value larger than the collector flow rate/area in the 
collector parameters for an internal heat exchanger). 

Heat exchanger effectiveness Enter this Is theratio of the actual to maximum possible heat transfer rates for 
the heat exchanger located between the collector and storage unit. 

F-chart will generate a Solar Fraction (SF).  This value is an annual fraction of the total hot water demand met 
by the solar system.  To adjust the SF to daily loads use Equation RG-12.  

 

Equation RG-12 SSMk  =  1 – SFk x A  SSM  k  =  ((1 – SF k) x A) 
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where 

SFk = Solar Factor (SF) derived from F-chart. 

A = An adjustment factor to account for piping losses. For Forced Circulation systems A equals 0.9 
to account for collector to tank circulation piping heat loss effects.  For other systems, A equals 
1.0. 

RG3.5 Hourly Recirculation Distribution Loss for Central Water Heating Systems 

The distribution losses accounted for in the distribution system multiplier DSM are within each individual 
dwelling unit. Additional distribution losses occur in most multi-family dwelling units related to recirculation 
systems between dwelling units. These losses include losses from piping that is or could be part of a 
recirculation loop and branch piping to individual residential units. These losses are divided into losses to the 
outside air, the ground and the conditioned or semi-conditioned air within the building envelope.   

Outside air includes crawl spaces, unconditioned garages, unconditioned equipment rooms, as well as actual 
outside air.  Solar radiation gains are not included in the calculation because the impact of radiation gains is 
relatively minimal compared to other effects.  Additionally, the differences in solar gains for the various 
conditions (e.g., extra insulation vs. minimum insulation) are relatively even less significant. 

The ground condition includes any portion of the distribution piping that is underground, including that in or 
under a slab. Insulation in contact with the ground must meet all the requirements of Section 150 (j), Part 6, of 
Title 24.   

The losses to conditioned or semi-conditioned air include losses from any distribution system piping that is in 
an attic space, within walls (interior, exterior or between conditioned and unconditioned spaces), within chases 
on the interior of the building, or within horizontal spaces between or above conditioned spaces.  It does not 
include the pipes within the residence.  The distribution piping stops at the point where it first meets the 
boundaries of the apartment. 

These losses are added to the load accounted for in the hourly adjusted recovery load HARL, according to 
Equation RG-1 and calculated in the following equation. 

Equation RG-13 PPGsUGUGOAsOAOAk UANL)TT(UANL)TT(UANLHRDL ×+−××+−××=   

where 

HRDLk = Hourly recirculation distribution loss (Million Btu). 

Ts =  Hot water supply temperature of 135°F. 

TOA =  Hourly dry-bulb temperature of outside air (°F). 

TG =  Hourly ground temperature (°F) assumed constant for each month. 

NLOA =   Normalized load coefficient for outside air term. 

NLUG =   Normalized load coefficient for underground term. 

NLP =   Normalized load coefficient for conditioned or semi-conditioned term. 

UAOA =   Heat loss rate of circulation pipe exposed to outside air (Btu/hr-°F).  

UAUG =   Heat loss rate of circulation pipe buried under ground (Btu/hr-°F). 

UAP =   Heat loss rate of circulation pipe in conditioned or semi-conditioned space (Btu/hr-°F). 

The terms UAOA, UAUG, and UAP represent the conductive area and heat loss rate for the three pipe locations.  
In each case the UA is a function of the pipe length, pipe diameter and pipe insulation.  The program user will 
need to specify pipe length in each of the three locations, and specify the insulation as being either minimum 
(as specified in Section 150 (j), Part 6, of Title 24), or extra. Length and corresponding insulation R-value 
takeoffs are required for piping in each of the three locations (outdoors, underground, and conditioned or semi-
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conditioned space).  Pipe heat loss rates (UAOA, UAUG, and UAp) are then calculated for use in Equation RG-
13.   

The normalized load coefficients, NLOA, NLUG, and NLP, are climate zone specific multipliers for the pipe losses 
to the outside air, ground and conditioned or semi-conditioned space, respectively.  They are calculated 
according to the following equations: 

  

Equation RG-14 
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Equation RG-15 
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Equation RG-16 
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=   

where 

GPDk = The hot water consumption per day for the kth system. It is the sum of hot water consumption 
per day for all dwelling units served by the kth system. 

WHDHOA =  Water heating degree hours based on outside air temperature (hr-°F). 

WHDHUG =  Water heating degree hours based on ground temperature (hr-°F). 

COA1 , COA2 =  Coefficients for outside air pipe loss term.  

CUG1 , CUG2 =  Coefficients for underground pipe loss term. 

CP1 , CP2  =  coefficients for conditioned or semi-conditioned space pipe loss term. 

Coefficients of COA, CUG, and CP vary by climate zones and control schemes of the circulation system. Table 
RG-5 lists values of these coefficients.  
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Table RG-5 Coefficients of COA, CUG and CP 
No Controls Timer Controls Climate 

Zone 
COA1 COA2 CUG1 CUG2 CP1 CP2 COA1 COA2 CUG1 CUG2 CP1 CP2 

1 0.8933 -0.694 0.8922 -1.346 0.6259 -1.673 0.8658 -2.336 0.793 -2.062 0.6344 -4.475 

2 0.854 -0.71 0.8524 -1.348 0.6433 -1.383 0.8269 -2.456 0.7572 -2.056 0.6529 -4.138 

3 0.8524 -0.709 0.851 -1.355 0.6826 -1.464 0.8252 -2.37 0.7553 -2.049 0.6927 -4.438 

4 0.8349 -0.688 0.8345 -1.343 0.6502 -0.706 0.8096 -2.433 0.7427 -2.071 0.667 -3.759 

5 0.8494 -0.706 0.8476 -1.341 0.6873 -1.076 0.8218 -2.409 0.7536 -2.061 0.6922 -3.979 

6 0.8095 -0.704 0.808 -1.341 0.7356 -1.697 0.7836 -2.367 0.718 -2.059 0.7341 -4.512 

7 0.796 -0.673 0.7964 -1.349 0.735 -1.581 0.7734 -2.395 0.7082 -2.064 0.7416 -4.579 

8 0.7941 -0.704 0.7925 -1.341 0.7321 -1.471 0.7683 -2.414 0.7049 -2.064 0.7333 -4.318 

9 0.7853 -0.707 0.7843 -1.352 0.7208 -1.212 0.7599 -2.447 0.6971 -2.064 0.7248 -4.141 

10 0.7854 -0.714 0.7843 -1.352 0.7193 -1.273 0.7595 -2.5 0.6971 -2.067 0.7188 -4.041 

11 0.8137 -0.69 0.8139 -1.35 0.6149 -1.22 0.788 -2.443 0.7228 -2.051 0.6315 -4.306 

12 0.8283 -0.685 0.8286 -1.349 0.6001 -0.323 0.8029 -2.451 0.7367 -2.061 0.621 -3.493 

13 0.7818 -0.705 0.7813 -1.352 0.6699 -1.541 0.7564 -2.465 0.6937 -2.052 0.6752 -4.305 

14 0.8094 -0.706 0.809 -1.351 0.6424 -0.866 0.784 -2.49 0.7187 -2.059 0.6515 -3.588 

15 0.6759 -0.692 0.6764 -1.348 0.7514 -1.383 0.6535 -2.552 0.601 -2.061 0.7493 -4.182 

16 0.9297 -0.701 0.929 -1.352 0.5231 -1.519 0.9007 -2.401 0.825 -2.053 0.5437 -4.423 

Table RG-5 provides coefficients for recirculation systems where the pumps are always on and coefficients for 
recirculation systems that are shut off during hours 1 through 5, and hours 23 and 24 (from 10p.m. to 5a.m.).   
Except for systems serving only a very small number of dwelling units, there is no set of coefficients provided 
for the case where the circulation system does not rely on a recirculation pump.  Such a system would be 
unlikely to supply hot water within parameters acceptable to tenants.  It can be assumed that any distribution 
systems for supplying hot water from a central boiler or water heater require a recirculation pump and one 
would be supplied retroactively if not initially.  For central hot water systems serving six or fewer dwelling units 
which have (1) less than 25’ of distribution piping outdoors; (2) zero distribution piping underground; (3) no 
recirculation pump; and (4) insulation on distribution piping that meets the requirements of Section 150 (j) of 
Title 24, Part 6, the distribution system in the Standard Design and Proposed design will both assume a pump 
with timer controls.   

WHDHOA is the sum of the differences between the temperature of the supply hot water (135°F) and the hourly 
outdoor temperature for all 8760 hours of the year.  This term varies by climate zone.  The values for this term 
are listed in Table RG-6 below.  The equation uses the hourly outdoor temperatures from the weather files 
incorporated in the CEC approved programs.   

WHDHUG is the sum of the differences between the supply hot water temperature (135°F) and the hourly 
ground temperature for all 8760 hours of the year.  This term varies by climate zone. The appropriate values for 
this term are listed in Table RG-6 below.  The equation uses the ground temperatures from the weather files 
incorporated in the CEC approved programs, which are assumed to be stable on a monthly basis.  
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Table RG-6 Water Heating Degree Hours for Outside Air and Underground 
Climate Zone WHDHOA (hr-°F) WHDHUG (hr-°F) 

1 712810 710306 

2 680634 678425 

3 679350 677026 

4 666823 664459 

5 677373 674935 

6 645603 643236 

7 636342 633811 

8 633244 630782 

9 626251 623822 

10 625938 623741 

11 649661 647770 

12 661719 659676 

13 623482 621526 

14 645367 643517 

15 539736 537782 

16 741372 739378 

UA terms are calculated using inputs provided by the user and base assumptions about the pipe diameter:  
The user inputs are: 
1. Pipe length in each of the three locations. 
2. Insulation R value of the pipe in each location. 
3. Number of stories above grade. 
4. Number of apartment units. 

The total length of the circulation pipe is calculated, along with the fraction in each location (PFOA, PFUG and 
PFP).  The square feet of surface area is calculated according to the following equation: 

  

Equation RG-17 π××= DiaLFSF totaltotal   

where 

SFTotal = The total surface area of the circulation piping, square feet. 

 

LFTotal = The total lineal feet of all circulation piping, feet.Dia = Average calculated (Equation RG-18) 
diameter of pipe in circulation piping, feet. 

π =  Pythagorean constant (ratio of perimeter to diameter), 3.1416 

The average diameter of hot water piping, Dia, is calculated by the following equation: 

Equation RG-18 ( ) ( )
37.1

NumAptsAptGPM 
P

LF 0.045 Dia
37.0

37.0
21.0

Total ××







∆
×=  

The terms of the above equation are described below. The total system pressure drop, ∆P, given in psf is 
calculated in Equation RG-19. 

Equation RG-19 ( )[ ] 144151NumStories3.4PP meter ×−−×−=∆   
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where 

Pmeter       = Water system supply pressure, (60 psig by assumption). 

NumStories = Number of stories above grade, (but enter “4” if more than 4 stories). 

Equation RG-20 
( )

NumApts
NumApts12  1.765  AptGPM

687.0××=  

NumApts     = Number of apartments in the building served by the hot water system, apts 

The UA for each of the three locations is derived as a function of the fraction of the total pipe in that location 
times a factor that represents the conductivity of the standard (minimum) insulation or the “extra” insulation 
condition.  The following two equations provide the alternate equations for the two insulation cases.  The 
factors do not vary by location so the equations for the other two locations are of exactly the same form, 
varying only by the fraction of pipe in that location. 

The benefits of additional insulation shall be calculated as required in Section 150 (j) of Title 24. The insulation 
value of the ground and of protective coverings may not be used for achieving the minimum insulation values 
required by Section 150 (j). To qualify as extra insulation, the insulation must be at least 1/2" thicker than the 
insulation required by Section 150 (j). 

Equation RG-21      For extra insulation for the standard design: 
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Equation RG-22      For minimum insulation: 
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where 

i  = Subscript indicating pipe location OA = outside, UG = underground, P = conditioned or semi-
conditioned space 

PFi = Pipe fraction in ith location, no units 

k = Insulation conductivity, (assumed 0.25 Btu inch/h⋅sf⋅°F) 

Radius  = Average pipe radius in inches, (Radius = Dia x 12 / 2), inches 

Thick = Base case insulation thickness, Thick = 1 if average pipe radius is less than or equal to 
2";Thick = 1.5 if radius is greater than 2", inches 

RG4 Energy Use of Individual Water Heaters 

Once the hourly adjusted recovery load is determined for each water heater, the energy use for each water 
heater is calculated as described below.   
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RG4.1 Small1 Gas, Oil, or Electric Storage and Heat Pump Water Heaters 

The hourly energy use of storage gas, storage electric and heat pump water heaters is given by the following 
equation.   

Equation RG-23 j
j

jj
j WSAF

LDEF

HPAFHARL
WHEU











 ×
=  

where 

WHEUj  =  Hourly energy use of the water heater (Btu for fuel or kWh for electric), adjusted for tank 

insulation and wood stove boilers.   

HARLj  = Hourly adjusted recovery load (Btu).   

HPAFj  = Heat pump adjustment factor from the table below based on climate zone.  This value is one 

for storage gas, storage oil and storage electric water heaters.   

 

The energy consumption of one or more independent hot water storage tanks that are not rated as water 
heaters is calculated by substituting xHARLj for HARL j where xHARLj is defined in Section __. 

  

Table RG-7 Heat Pump Adjustment Factors 
Climate Zone  Heat Pump Adjustment Factor Climate Zone  Heat Pump Adjustment Factor 

1 1.040 9 0.920 

2 0.990 10 0.920 

3 0.990 11 0.920 

4 1.070 12 1.070 

5 1.070 13 0.920 

6 0.920 14 1.040 

7 0.920 15 0.920 

8 0.920 16 1.500 

LDEFj = The hourly load dependent energy factor (LDEF) is given by the following equation.  This equation 
adjusts the standard EF for different load conditions.   

Equation RG-24 ( ) ( )
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1000
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j
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where 

a,b,c,d,e = Coefficients from the table below based on the water heater type.   

                                                 
1  “Small water heater” means a water heater that is a gas storage water heater with an input of 75,000 Btu per hour or less, an oil 

storage water heater with an input of 105,000 Btu per hour or less, an electric storage water heater with an input of 12 kW or less, a 
gas instantaneous water heater with an input of 200,000 Btu per hour or less, an oil instantaneous water heater with an input of 
210,000 Btu 1602 per hour or less, an electric instantaneous water heater with an input of 12 kW or less, or a heat pump water heater 
rated at 24 amps or less. 
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Table RG-8 LDEF Coefficients 
Coefficient Storage Gas  Storage Electric Heat Pump 

a -0.098311 -0.91263 0.44189 

b 0.240182 0.94278 -0.28361 

c 1.356491 4.31687 -0.71673 

d -0.872446 -3.42732 1.13480 

e 0.946 0.976 0.947 

Note:  EF for storage gas water heaters under 20 gallons must be assumed to be 0.58 unless the manufacturer has voluntarily reported an 
actual EF to the California Energy Commission. As of April 2003, manufacturers of this equipment are no longer required to do so. 

EFj  = Energy factor of the water heater (unitless).  This is based on the DOE test procedure.   

WSAFj = Wood stove boiler adjustment factor for the jth water heating system.  This is given in Section 
RG4.6 Wood Stove Adjustment Factors.  This is an optional capability and is set to 1.00 for 
ACMs without wood stove boiler modeling capability. 

RG4.2 Small Gas or Oil Instantaneous2  

The hourly energy use for instantaneous gas or oil water heaters is given by the following equations.   

Equation RG-25 jj
j
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where 

WHEUj  =  Hourly fuel energy use of the water heater (Btu), adjusted for wood stove boilers.   

HARLj  = Hourly adjusted recovery load. 

EFj  = Energy factor from the DOE test procedure (unitless).  This is taken from manufacturers 

literature or from the CEC Appliance Database.   

PILOTj  = Energy consumption of the pilot light (Btu/h). Default if no information provided in 

manufacturer’s literature or CEC Appliance Database is 500 Btu/hr.  

WSAFj = Wood stove boiler adjustment factor for the jth water heating system.  This is an optional 
capability and is set to 1.00 for ACMs without wood stove boiler modeling capability. 

RG4.3 Small Electric Instantaneous  

The hourly energy use for instantaneous electric water heaters is given by the following equation.   

Equation RG-26 j

jj
elec,j EF3413

WSAFHARL
WHEU

×

×
=

 

where 

WHEUj, elec = Hourly electricity energy use of the water heater (kWh), adjusted for wood stove boilers.   

HARLj  = Hourly adjusted recovery load. 

EFj  = Energy factor from DOE test procedure (unitless).   

                                                 
2  “Instantaneous water heater” means a water heater that has an input rating of at least 4,000 Btu per hour per gallon of stored water. 
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 WSAFj = Wood stove boiler adjustment factor for the jth water heating system.  This is an optional 
capability and is set to 1.00 for ACMs without wood stove boiler modeling capability. 

RG4.4 Large3 Gas or Oil Storage. Large Instantaneous, Indirect Gas and Hot Water Supply 
Boilers4. 

Energy use for large storage gas and indirect gas  water heaters is given by the following equations.  Note:  
large storage gas water heaters are defined as any gas storage water heater with a minimum input rate of 
75,000 Btu/h. 

Equation RG-27 jj
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where 

WHEUj  =  Hourly fuel energy use of the water heater (Btu), adjusted for tank insulation and wood stove 
boilers. 

HARLj  = Hourly adjusted recovery load.  For independent hot water storage tank(s) substitute xHARLj 
from Section RG4.9 Independent Hot Water Storage Tanks for HARLj.  

HJLj  = Hourly jacket loss (Btu/h) for tank rated with the water heater.  For nonstorage water heaters 
and boilers set this term to zero.  To account for independent hot water storage tanks 
substitute xHARLj (from Section RG4.9 Independent Hot Water Storage Tanks) for HARLj  

storage tanks   

EFFj  = Efficiency (fraction, not %).  To be taken from CEC Appliance Database or from manufacturers 

literature. These products may be rated as a recovery efficiency, thermal efficiency or AFUE.   

EAFj  = Efficiency adjustment factor (unitless).  This value is 1.0 for large storage gas water heaters 

and 0.98 for indirect gas water heaters.   

PILOTj  = Pilot light energy (Btu/h) for large instantaneous. For large instantaneous water heaters, and 

hot water supply boilers the default is 750 Btu/hr if no information is provided in manufacturer’s 
literature or CEC Appliance Database. For storage type water heaters the default is zero.   

WSAFj = Wood stove boiler adjustment factor for the jth water heating system.  This is an optional 
capability and is set to 1.00 for ACMs without wood stove boiler modeling capability. 

RG4.5 Large Electric Storage  

Energy use for large storage electric water heaters is given by the following equation. 

Equation RG-28 J
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where 

WHEUj, elec =  Hourly electricity energy use of the water heater (kWh), adjusted for wood stove boilers.   

HARLj  = Hourly adjusted recovery load. 

                                                 
3  “Large water heater” means a water heater that is not a small water heater. 
4  “Hot water supply boiler” means an appliance f or supplying hot water for purposes other than space heating or pool heating. 
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HJLj  = Hourly jacket loss (Btu/h) for the tank rated with the heater. 

WSAFj  = Wood stove boiler adjustment factor for the jth water heating system.  This is an optional 
capability and is set to 1.00 for ACMs without wood stove boiler modeling capability. 

RG4.6 Wood Stove Adjustment Factors 

This is an optional capability and the Wood Stove Boiler Adjustment Factor is set to 1.00 for ACMs without 
wood stove boiler modeling capability.  The wood stove adjustment factor (unitless) reduces water heating 
energy to account for the heat contribution of wood stove boilers.  This multiplier is taken from the table below, 
based on climate zone and whether the wood stove boiler has a recirculation pump.  The inclusion of this factor 
and its relevant input parameters is an optional capability for ACMs.  However, when this optional capability is 
implemented the algorithms and procedures given below must be used. 

Table RG-9 Wood Stove Adjustment Factors 
Climate Zone  Wood Stoves with Pumps Wood Stoves without Pumps  

1 0.775 0.750 

2 0.775 0.750 

3 0.775 0.750 

4 0.865 0.850 

5 0.865 0.850 

6 0.910 0.900 

7 0.910 0.900 

8 0.955 0.950 

9 0.910 0.900 

10 0.955 0.950 

11 0.910 0.900 

12 0.865 0.850 

13 0.910 0.900 

14 0.910 0.900 

15 1.000 1.000 

16 0.730 0.700 

RG4.7 Jacket Loss 

The hourly jacket loss for large storage gas and indirect gas water heaters is calculated as 

Equation RG-29 j
jj

j
J FTL

REIRTI
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HJL +

+

∆×
=  

where 

TSAj  = Tank surface area (ft2).   

FTLj  = Fitting losses.  This is a constant 61.4 Btu/h.   

REIj  = R-value of exterior insulating wrap.   

RTI j  = Calculated R-value of insulation internal to water heater. 

 For water heaters with standby loss rated in percent heat content of the stored water: 
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Equation RG-30 ( )[ ] jjjjjj
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 For water heaters with standby loss rated in Btu/hr: 

Equation RG-31 
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SBE j  = Standby loss expressed in Btu/hr from the CEC Appliance Database or from manufacturer’s 

literature. 

SBL j  = Standby loss expressed as a fraction of the heat content of the stored water lost per hour from 

the CEC Appliance Database or from manufacturer’s literature. 

PILOTj  = Pilot light energy (Btu/h).  If no information is provided in manufacturer’s literature or CEC 

Appliance Database default to zero. 

∆TS  = Temperature difference between ambient surrounding water heater and hot water supply 
temperature (ºF).  Hot water supply temperature shall be 135ºF. For water heaters located 
inside conditioned space use 75ºF for the ambient temperature.  For water heaters located in 
outside conditions use hourly dry bulb temperature ambient. 

 

The hourly jacket loss for large storage electric heaters  is calculated as: 

Equation RG-32 ( )jj
i

REIRTI
TTSAHJL

+
∆×=  

(same definitions as above) 

RTIj  =  Calculated R-value of insulation internal to water heater. 

REIj  =  R-value of exterior insulating wrap. 

Where the calculated insulation R-value RTIj is calculated by: 

Equation RG33 
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where 

SBLj  =  Standby loss expressed in percent heat content loss of the stored water, from manufacturer’s 
data. 

EFFj  =  Efficiency, from manufacturer’s data. 

RG4.8 Tank Surface Area 

Tank surface area (TSA) is used to calculate the hourly jacket loss (HJL) for large storage gas, indirect gas 
water heaters, and large storage electric water heaters.  TSA is given in the following equation as a function of 
the tank volume.   
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Equation RG-34 ( )233.0
jj gVOLfeTSA +××=  

where 

VOLj  = Tank capacity (gallons).   

e, f, g =  Coefficients given in the following table.   

Table RG-10 Coefficients for Calculating Tank Surface Areas 

Coefficient Storage Gas  
Large Storage Gas and  

Indirect Gas  
Storage Electric and  

Heat Pumps  

E 0.00793 0.01130 0.01010 

F 15.67 11.8 11.8 

G 1.9 5.0 5.0 

 

RG4.9 Independent Hot Water Storage Tanks 

The additional loads due to independent hot water storage tanks which are not rated as water heaters is 
calculated by adding the sum of the jacket losses for one or more of these tanks to the Hourly Adjusted 
Recovery Load for the jth water heater and substituting xHARLj for HARLj in the appropriate equation above for 

the jth water heater:  

Equation RG-35 ∑+=
k

kjjj HJLHARLxHARL ,  

where 

xHARL j  = Hourly Adjusted Recovery Load for the jth water heater plus the load due to independent hot 

water storage tanks serving the jth hot water heater.   

HARLj = Hourly Adjusted Recovery Load for the jth water heater as defined by Equation RG-1. 

HJLj,k  =  Hourly Jacket Loss of the kth independent hot water storage tank serving the jth water heater. 

The hourly jacket loss, HJL is calculated per RG4.7 Jacket Loss using Equation RG-29.   When the Standby 
Loss for the tank is not available or not listed, RTIj may be set at zero and the total tank insulation may be 
entered for REI,  The minimum value of REI allowed by the ACM shall be a 0.68 still air film.  

 

RG5 Electricity Use for Circulation Pumping 

For single-family recirculation systems, hourly pumping energy is fixed as shown in following table.   
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Table RG-11 Single Family Recirculation Energy Use (kWh) by Hour of Day 

Hour 
Uncontrolled 
Recirculation Timer Control 

Temperature  
Control 

Timer/Temp  
Control 

Demand 
Recirculation 

1 0.040 0 0.0061 0 0.0010 

2 0.040 0 0.0061 0 0.0005 

3 0.040 0 0.0061 0 0.0006 

4 0.040 0 0.0061 0 0.0006 

5 0.040 0 0.0061 0 0.0012 

6 0.040 0 0.0061 0 0.0024 

7 0.040 0.040 0.0061 0.0061 0.0045 

8 0.040 0.040 0.0061 0.0061 0.0057 

9 0.040 0.040 0.0061 0.0061 0.0054 

10 0.040 0.040 0.0061 0.0061 0.0045 

11 0.040 0.040 0.0061 0.0061 0.0037 

12 0.040 0.040 0.0061 0.0061 0.0028 

13 0.040 0.040 0.0061 0.0061 0.0025 

14 0.040 0.040 0.0061 0.0061 0.0023 

15 0.040 0.040 0.0061 0.0061 0.0021 

16 0.040 0.040 0.0061 0.0061 0.0019 

17 0.040 0.040 0.0061 0.0061 0.0028 

18 0.040 0.040 0.0061 0.0061 0.0032 

19 0.040 0.040 0.0061 0.0061 0.0033 

20 0.040 0.040 0.0061 0.0061 0.0031 

21 0.040 0.040 0.0061 0.0061 0.0027 

22 0.040 0.040 0.0061 0.0061 0.0025 

23 0.040 0 0.0061 0 0.0023 

24 0.040 0 0.0061 0 0.0015 

Annual Total 350 234 53 35 23 

Multi-family recirculation systems may have vastly different pump sizes and is therefore calculated based on 
the installed pump size.  The hourly electricity use for pumping (HEUP) water in the circulation loop can be 
calculated by the hourly pumping schedule and the power of the pump motor as in the following equation. 

Equation RG-36 
k

,m,kk
k

SCHPUMP746.0
HEUP

η

××
=  

where 

HEUPk  = Hourly electricity use for the circulation pump (kWh).   

PUMPk = Pump brake horsepower (bhp).   

?k  = Pump motor efficiency. 

SCHk,m =  Operating schedule of the circulation pump. For 24-hour operation (no controls), the value is 

always 1. For timer controls, the value is 1 when pump is on and 0 otherwise. The pump is 
assumed off from 10 p.m. to 5 a.m. and on for the remaining hours.
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APPENDIX G 

APPLICATION PACKAGE FOR CERTIFICATION OF SOLAR 

WATER HEATING ENERGY PERFORMANCE CALCULATION 

METHODS FOR RESIDENTIAL BUILDINGS 

 

 

 

 

 

 California Energy Commission 

 

 1516 Ninth Street 

 

 Sacramento  California  95814 

 

 

 

 June 25, 1985 

 

Revision: June 1, 1998 
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I. INTRODUCTION 

 

 On July 15, 1981 the California Energy Commission (CEC) adopted new standards for residential 
buildings that include a performance or energy budget approach for demonstrating compliance.  The new 
building standards were devised to reduce energy consumption in the housing market through the use of 
more efficient appliances and greater utilization of conservation and solar design technologies. 

 

 These performance standards establish energy budgets for both the space conditioning and 
water heating elements of a proposed building.  One option for demonstrating compliance requires the 
designer to calculate the building's estimated annual energy use using a certified energy analysis 
calculation method in conjunction with established weather and building operation information.  Solar 
domestic hot water systems are an integral part of these standards and can be used to demonstrate 
compliance with the water heating element.  For typical flat plate solar collector systems as used in active 
solar water heating systems, the CEC has certified F-Chart 4.0 and 4.1.  For all passive type water 
heating systems, thermosyphon and integral collector/storage (ICS) systems, the CEC has certified a 
calculation procedure to calculate system total annual energy contribution (Attachment J). Passive solar 
water heating credits are derived from test results published by the Solar Rating and Certification 
Corporation (SRCC) in conjunction with climate zone specific weather data for California. Climate zone 
insolation data and ambient air temperature and water main temperature data are required to calculate 
passive solar credit. Documentation for each analysis approach can be obtained from the following 
sources: 

 

 F-Chart 

 

 Solar Energy Laboratory     

 University of Wisconsin 

 Madison,  WI  53706 

 (608)263-1590 

 

 Passive Method 

 

 California Energy Commission 

 Residential Office 

 1516 Ninth Street,  MS-25 

 Sacramento  CA  95814-5512 

 

 The purpose of this certification package is:  (1) to provide a procedure by which other analytical 
approaches can be used for solar water heating compliance purposes; and (2) to establish a method for 
certifying their use.   
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 Other methods may be used in lieu of F-Chart 4.0 or 4.1 or the CEC's Passive Solar Heating 
Calculation Method to demonstrate compliance once they have been certified by the Commission.  
Section 10-109 (b)(1) of the California Code of Regulations, Energy Efficiency Standards for Residential 
and Non-residential Buildings, provides that certification may be given if documentation is provided 
demonstrating that the alternative calculation method: 

 

 A. Makes no changes in any input parameter values specified by the Commission; 

 

B. Provides input and output documentation that facilitates the enforcement agency's review 
and meets the formatting and content criteria found in the appropriate ACM Manual; 

 

C. Is supported by clear and concise instructions for using the method to demonstrate that 
the energy budget requirements of Part 6 , are met; 

 

D. Is reliable and accurate relative to the appropriate public domain computer program; and 

 

E. Establishes factors that, when applied to method's outputs, result in energy budgets for 
that alternative calculation method that are equivalent to those in Part 6 , when the 
buildings used to develop the energy budgets in Part 6 are modeled. 

 

 This certification process will be used to verify comparability of computer calculation results 
against results of the Commission's public domain solar water heating computer programs.  An applicant 
for certification is required to perform three types of simulations in three different California specified 
climate zones.  For those methods which are able to generate water heating budgets, the CEC's 
assumptions and calculation procedure for establishing the water heating budgets are presented in 
Section 4.21 of this ACM Manual.  Section 4.21.4 considers credits for active and passive solar water 
heating systems. The completed certification application package must be sent to: 

 

    California Energy Commission 

    1516 Ninth Street, MS-25 

    Sacramento, CA  95814 

 

    Attn: RESIDENTIAL SOLAR WATER HEATING 

     CALCULATION METHOD CERTIFICATION 

 

 Any questions regarding the application package should be directed to the above address or by 
telephone (916) 654-4064. 

 

   Only complete applications for programs meeting the minimum requirements discussed in 
Section II will be evaluated. 
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 A list of certified programs including a program abstract, an information form, and certified budget 
forms for each program will be made available and updated periodically as new programs are certified.  
Write the above address for a current list. 

 

II. APPLICATION PACKAGE REQUIREMENTS 

 

 In order to ensure rapid processing of applications it is essential that each application be 
complete and be presented in a consistent format.  Each certification package must contain the 
following items: 

 

 A. Application Form for certification of An Energy Analysis Computer Program (Form 1) 

 

 B. Tabulated Sensitivity Runs (Form 2) 

 

 C. Program Abstract 

 

 D. Table of Fixed Input Parameters and Explanation of Fixed Values 

 

 E. Summary of Sensitivity Analysis 

 

 F. Program User's Manual 

 

 If any one of these elements is missing, processing of the application will be postponed until the 
missing information is provided.   

 

 A. Application Form 

  Form 1:  " Application Form for Certification of an Energy Analysis Computer Program" must 
be filled out completely.  This form will be used by CEC staff to assess the completeness of 
the application package and to notify the applicant upon certification of the computer 
program. The applicant may then attach this form with local building department permit 
requests as verification to local jurisdictions of certification. 

 

 B. Tabulated Sensitivity Runs 

  Form 2:  The program's calculated energy performance, based on net solar fractions (NSF) 
in "Sensitivity Analysis", must be tabulated for easy reference against the base case 
systems of F-Chart 4.1.  Use of this form will ensure consistency in building department and 
program user interpretation of program results. 
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 C. Program Abstract 

  This summary will enable building departments to quickly determine if the program is being 
used in the correct application.  The abstract must briefly describe measures the program 
simulates and the method used for simulation such as hourly calculations, thermal 
equilibrium, degree days, etc.  The description should include types of buildings, solar 
system types, applicable climate zones, output descriptions (hourly, daily, etc.) and any 
other features significant to the program. 

 

 D. Table of Fixed Input Parameters 

  This table shall list all input parameters necessary to run the program and provide defi nitions 
for their use.  Explanations shall also be provided for any parameter which is different than 
those provided by the reference program F-Chart 4.1.  This table will be used to distinguish 
program characteristics and to identify areas where unit values are not comparable. 

 

 E. Program Sensitivity Analysis 

  The results of each sensitivity analysis run must be provided as support for the summarized 
data presented in Form 2.  Each summary must reference the particular computer input / 
output runs using a code or some other easily recognized means. 

 

 F. Program User's Manual 

  A program user's guide / manual must be submitted which describes how the program works 
and how one may use it in a particular computer service facility. The information provided to 
CEC must include all documentation that would be needed by a user of this method. 

 

  The manual must list all of the variables used, provide an explanation of each variable, and 
explain how to read the input and output data and distinguish their significance.  It should 
also explain how to enter the data to run the program and describe the default values if there 
are any. 

 

  The User's Manual must also contain a separate section / chapter dealing specifically with 
California Title 24 requirements.  This section should include a general description of the 
Title 24 process, a listing of all fixed parameters, description and listing of California weather 
data and climate zones and other water heating compliance criteria. 

 

  NOTE: In addition to the above certification package requirements, all applicants must 
submit a copy of the program on the appropriate software (3 2 " diskette) and 
must be compatible with MS-DOS formats. 
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III.  SPECIFIC CRITERIA FOR CERTIFICATION 

1.Input data shall be in a standard format as specified in Attachment A. 

 

2.Output data shall be in a standard format as specified in Attachment B. 

 

3.The discrepancy in each individual run shall not exceed "10% of the result of the same run for F-Chart 
4.1. 

 

a.Example:  If the nth run of F-Chart 4.1 yields .63, then the nth run of an applicant program must yield .63 
".06 or 0.57 to 0.69. 

 

4.Solar system data used for certification runs shall be the same data used from the test for solar 
equipment certification (SRCC, ARI). 

 

b.Example:  Collector efficiencies and flow rates specified in the SRCC and ARI Directories must be used 
for certification runs. 

 

1.For program use, flow rates shall be converted from gallons per minute per square foot to pounds per 
hour per square foot in the following manner: 

 

c.gal.  x  60 min.  x  8.33 lb.  x   1    =  flow rate     lb.   

d.min      hr.           gal. ft2      hr. ft2  

 

5.The average water use profile as given in Attachment C shall be used for certification purposes.  No 
other load profile may be substituted. 

 

IV. ALTERNATIVE MODELING PARAMETERS 

 

 Alternative modeling parameters such as storage tank stratification are allowed.  They must, 
however, be completely defined and proven suitable as modeling parameters through calculation 
and empirical test documentation.  Certification runs will exclude alternative modeling 
parameters. 

 

V. FIXED INPUT PARAMETERS 

 The following is a list of fixed input parameters for modeling purposes: 

 

 1. Water main temperatures (variable, see Table 1). 

 2. Ambient air temperatures (variable, see Table 1). 

 3. Minimum hot water set point (140 1F). 
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 4. Hot water demand:  50 gallons per day per unit for single family dwellings, 35 gallons per day 
per unit for multi-family dwellings. 

 5. California specific weather, by climate zone (see Attachment I). 

 6. Auxiliary water heater efficiency 

 7. Incident angle modifier constant:  compliance can be determined by: (a) use of the incidence 
angle modifier constant, determined experimentally as described in the ASHRAE Standards 
96-1980 and 93-1986 collector test procedure and provided by SRCC and ARI in the collector 
Directory; or (b) setting this parameter to 0.00 and allowing the program to automatically 
calculate the incident angle modifier using Fresnel equations for the number of glass panes. 

 8. Ground reflectance:  0.20 (may use up to 0.90 if documented). 

 

Note:  See Attachment E for a listing of all certification modeling parameters.  Individual sensitivity 
parameters for computer certification are listed on FORM 2, Section VII of this Appendix. 

 

VI. PROGRAM REFERENCE INFORMATION 

 The water heating budgets were calculated according to the methodology presented  in 
Section 4.21 of this ACM Manual.  Section 4.21.4 considers credits for active  and passive solar 
systems. 

 

 The water heating methodology provides all assumptions used to determine the water heating 
budgets.  It documents the method use to determine water heater recovery efficiency and 
standby losses, and can be used for all conventional gas and electric hot water heaters, as well 
as heat pump water heaters, instantaneous systems, systems requiring pumping energy and 
recirculated water, and solar water heating systems. 

 

 For purposes of this certification procedure, all programs for certification will be compared against 
the performance results of the reference F-Chart 4.1 program.  However, the applicant is 
encouraged to thoroughly review Section 4.21 of this manual and this Attachment regarding the 
CEC's general water heating methodology. 

 

 Those areas which are critical to comparing performance results are: 

 

(1)comparing the thermal performance of a solar hot water heating system using fixed system values; 

 

(2)comparing the thermal performance of a solar water heating system using variable system values;  and  

 

(3)comparing the thermal performance of a solar water heating system under    

i.different weather conditions. 
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 A. Active Systems 

 

  All active solar water heating programs shall be compared against the results of F-Chart 
4.1.  The following parameters must be varied to demonstrate the program's sensitivities 
(this will result in 21 separate sensitivity runs): 

 

? Collector efficiency rates 

? Collector area 

? Hot water use (load) 

? Collector orientation 

? Weather 

 

  1. Collector Efficiency 

   Sensitivity runs shall be made for the following three conditions:  Slope (FR-UL 
Product) and Y-intercept (FR-TAU-ALPHA). 

    Slope:  .55, .70, and 1.25 

    Y-intercept: .75, .65, and .50 

 

  2. Collector Area 

   Sensitivity runs shall be made for the following two conditions: 

   Collector area:  48 sq. ft. and 64 sq. ft. 

   The storage tank shall be sized at the ratio of 1.5-2.0 gallons of water storage per 
square foot of collector area. 

 

  3. Hot Water Use 

   Sensitivity for the following three conditions: 

   Hot water use:  30, 50, and 80 gallons 

 

  4. Collector Orientation 

   Sensitivity for the following three conditions: 

   Collector orientation: South (0"), West (90"), North (180") 

 

  5. Weather 

 

   Sensitivity runs shall be made for three California Climate Zones:  Zone 5 (Santa 
Maria), Zone 7 (San Diego), and Zone 13 (Fresno).  All solar water heating programs 
certified for use in the Residential Building Standards must use the weather data as 
specified in Attachment I. 
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 B. Passive Systems 

 

  The CEC has certified a calculation procedure for determining the annual performance of 
passive  solar water heating systems (Attachment J). Passive solar water heating credits 
are derived from test results published by the Solar Rating and Certification Corporation 
(SRCC) in conjunction with climate zone specific weather data for California. Climate zone 
insolation data and ambient air temperature and water main temperature data are required 
to calculate passive solar credit.  Applicants wishing to certify programs to be used for 
demonstrating compliance for passive type solar water heating systems must provide the 
CEC with all documentation specified in this certification package. The applicant's analysis 
methodology will be reviewed by CEC staff against the existing method. 

 

  Parameters which all passive solar water heating calculation methods must incorporate are 
the following: 

 

  (1) Qsav rating from SRCC test 

  (2) L rating from SRCC test. 

  (3) All fixed parameters as specified in Section V. 

 

Table 2 lists SRCC Qsav, Qcap and L rating for most of the passive solar water heating systems 
currently listed with SRCC.  For those systems that are not listed in the Table please contact SRCC 
or Florida Solar Energy Center for certification. 

 
.......................................................................................................................................................... Solar Rating and Certification Corporation

  c/o FSEC 

  1679 Clearlake Road 

  Cocoa, FL 32926 

  (407) 638-1537 
.......................................................................................................................................................... (407) 638

  SRCC@fsec.ucf.edu 

 

VII.  CERTIFICATION FORMS 

 

 See the attached forms.
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Form 1 

CALIFORNIA ENERGY RESOURCES 

CONSERVATION AND DEVELOPMENT COMMISSION 

 

APPLICATION FORM FOR CERTIFICATION OF AN ENERGY ANALYSIS COMPUTER 
PROGRAM 

Part 1:  General Information 

1. Organization requesting certification: 

 Name: _________________________________ Phone: (___) ___________ 

 Address: ______________________________________________ 

   ______________________________________________ 

 Contact person:  _____________________________________ 

 Applicant signature: _____________________________________ 

 Application date: ___________________ 

2. Program Name:  _________________________________________ 

3. The above named program is to be used for: 

  [  ] Space Conditioning  [  ] Space Conditioning and Solar 

  [  ] Solar Water Heating      Water Heating 

4. Has the above-named program ever been used to analyze the energy use of a new 
residential building in California?  [  ] YES   [  ] NO 

 

For Staff Use Only.  Do Not Write Below These Lines. 

1. Date received:  ______________________________ 

2. Application checklist:   Complete   Incomplete 

  Form 1      ______         _____    

  Form 2      ______         _____    

  Program Abstract    ______         _____    

  Fixed Input Parameters    ______         _____    

  Sensitivity Summary     ______         _____    

  User’s Manual     ______         _____    

3. Comments: ____________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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4. The above named program is certified for use in demonstrating compliance for 
California’s Residential Building Regulations:  [  ] YES  [  ] NO 

5. Staff signature:  _________________________ Date:  _____________ 

6. Executive Director approval:  _______________________ Date:  _______________
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Form 2 

SENSITIVITY ANALYSIS 

FOR INTERIM CERTIFICATION OF A SOLAR WATER HEATING ENERGY ANALYSIS COMPUTER PROGRAM 

 

Program Name:  ______________________________________________________________________________ 

Organization Name:  ___________________________________________________________________________ 

Applicant Name:  ______________________________________________________________________________ 

Run Collector Area 
(sq.ft.) 

Slope 

(FR-UL) 

Y-intercept 

(FR-TAU-ALPHA) 

Hot Water 
Use (Gal.) 

Climate 
Zone 

Annual 

S (0°) 

F-Chart 

W (90°) 

N 
(180°) 

Comparison 

Program 

1 48 .70 .65 50 5 .60    

2 48 .70 .65 50 7 .63    

3 48 .70 .65 50 13 .67    

4 48 .55 .75 50 5 .74    

5 

6 

7 

8 

9 

48 

48 

48 

48 

48 

.55 

.55 

1.25 

1.25 

1.25 

.75 

.75 

.50 

.50 

.50 

50 

50 

50 

50 

50 

7 

13 

5 

7 

13 

.77 

.77 

.37 

.38 

.44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 

11 

12 

64 

64 

64 

.70 

.70 

.70 

.65 

.65 

.65 

50 

50 

50 

5 

7 

13 

.71 

.74 

.76 

   

13 

14 

15 

16 

17 

48 

48 

48 

48 

48 

.70 

.70 

.70 

.70 

.70 

.65 

.65 

.65 

.65 

.65 

30 

30 

30 

80 

80 

5 

7 

13 

5 

7 

.72 

.75 

.77 

.48 

.50 
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18 48 .70 .65 80 13 .55 

19 

20 

21 

22 

23 

24 

48 

48 

48 

48 

48 

48 

.70 

.70 

.70 

.70 

.70 

.70 

.65 

.65 

.65 

.65 

.65 

.65 

50 

50 

50 

50 

50 

50 

5 

7 

13 

5 

7 

13 

 .53 

.55 

.60 

.42 

.44 

.48 
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TABLE 1 

 

           Solar Radiation 

 

Climate  

Zone 

Average Daily 
Temperature (°F) 

Btu/ft2/day on 
horizontal surface 

Btu/ft2/day on tilted 
surface* 

Average Water Main 
Temperatures (°F) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

52.1 

57.9 

56.9 

59.6 

60.3 

63.5 

62.9 

63.0 

63.6 

63.3 

62.8 

60.3 

62.3 

55.9 

72.6 

42.8 

1,241 

1,535 

1,559 

1,606 

1,623 

1,596 

1,619 

1,637 

1,618 

1,777 

1,580 

1,641 

1,708 

1,841 

1,858 

1,656 

1,340 

1,658 

1,684 

1,734 

1,753 

1,724 

1,748 

1,768 

1,747 

1,919 

1,706 

1,772 

1,845 

1,988 

2,007 

1,788 

60 

65 

65 

65 

65 

70 

70 

70 

70 

70 

65 

65 

65 

65 

70 

60 

 

 

 

*  These values represent the correction for tilted surface based upon the ratio multiplier (1.08) of total 
horizontal radiation to total south facing radiation on a 30° tilt. 
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Table 2 

Input Parameters for Passive Solar Water Heating Systems 

 

Company Model ID # Volume 

(gal) 

L (Btu/hr-F) Q Save 

(Btu/day) 

Q cap 

(Btu) 

Radco CSHX60 94006A 60 5.3 20131 22466 

Radco CSHX80 94006B 80 6.8 23238 22466 

Radco CSHX100 94006C 100 8.4 24865 22466 

Radco CSHX40 94006D 40 3.8 15928 22466 

SunEarth CC-30 92011A 32 13.5 19889 22466 

SunEarth CC-40 92011B 42 17.0 22728 22466 

SunEarth CC-60P 92011C 64 28.4 28564 22466 

SunEarth CC-60S 92011D 64 16.8 28564 22466 

SunEarth CP-30 92011E 32 16.0 20016 22466 

SunEarth CP-40 92011F 42 20.1 22700 22466 

SunEarth CP-60P 92011G 64 33.6 27951 22466 

SunEarth CP-60S 92011H 64 16.8 28561 22466 

TCT PT-30-CN 95002A 30 13.7 21416 22466 

TCT PT-35-CN 95002B 35 13.7 21388 22466 

TCT PT-40-CN 95002C 40 17.7 26047 22466 

TCT PT-50-CN 95002D 50 17.7 25872 22466 

 

Qsave = Energy Savings 

L = Heat Loss Coefficient, UA 

Qcap = Storage capacity of tank at 131°F
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VIII.  ATTACHMENTS 

 

Attachment  Page   

A 

B 

C 

D 

E 

 

F 

 

G 

 

 

 

H 

 

 

I 

 

J 

Standard Input 

 

Standard Output 

 

Water Use Profile 

 

Examples of Solar Water Heating Systems 

 

F-Chart 4.1 Computer Certification Base Case 

   Input Parameters 

 

F-Chart 4.1 Default Parameters 

 

F-Chart 4.0 Input Parameters for the Solar Sizing Charts 
Pursuant to the Residential Building Standards 

 

F-Chart 4.0 Assumptions Used for Residential Solar 
Domestic Hot Water Sizing Tables 

 

Climate Zone Weather Data 

 

Alternative Calculation Method for Passive Solar Credit 

16 

 

17 

 

18 

 

19 

 

21 

 

 

22 

 

25 

 

 

 

26 

 

 

27 

 

33 
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ATTACHMENT A 

 

 

STANDARD INPUT 

 

 

The input parameters shall be listed under the appropriate headings for clarity.  When listing the 
parameters all units shall be specified.  The following is a list of headings that shall be used: 

 

 

 

 1. Collector Parameter 

 2. Collector-Store-Transfer 

 3. Storage Unit 

 4. Load Parameters 

 5. Loss Correction 

 6. Weather 

 

Additional parameters such as economic and auxiliary parameters may be used but shall be listed after 
the parameters listed above. 
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ATTACHMENT B 

 

 

 

STANDARD OUTPUT 

The standard output to be used for computer program certification purposes is defined as the solar 
contribution to the hot water load (including backup tank losses).  This output shall be provided by all 
solar computer programs in kBtu/yr.  Other system parameters may be shown on the standard data 
summary output summary but each output must contain at least the following: 

 

 System Type (See Attachment D)    ______________ 

 Annual Delivered Energy      ______________KBtu/yr. 

 California Climate Zone     ______________ 

 

 

 

THERMAL PERFORMANCE 

 

HT 
(MMBTU) 

TA 

(°F) 

HWLOAD 
(MMBTU) 

QU 
(MMBTU) 

QLOSS 
(MMBTU) 

FDHW 

 

 

 

    *   *   * 

 

Other output may be added here. 
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ATTACHMENT C 

 

 

WATER USE PROFILE 

The following Table is a load profile of average water use by the hour for a given day.  This must be a 
basic assumption in the calculations of an applicant’s computer program. 

 

 

 

Time of Day  % of Daily Water Use  Time of Day  % of Daily Water Use  

1AM 0 1PM 5.5 

2AM 0 2PM 2.8 

3AM 0 3PM 2.6 

4AM 0 4PM 2.2 

5AM 0 5PM 3.7 

6AM 1.4 6PM 7.2 

7AM 4.7 7PM 12.2 

8AM 7.5 8PM 9.6 

9AM 8.7 9PM 7.2 

10AM 7.2 10PM 5.5 

11AM 4.4 11PM 4.7 

12PM 3.7 12AM 2.0 

 

 

 

 

 

 

 

 

 

Average Time Distribution Of Water Usage is derived from Beckman, Klein, Duffie; Solar Heating Design 
By the F-Chart Method, John Wiley & Sons, Inc., New York, 1977, p.56. 



2005 Residential ACM Manual, Express Terms, 15-Day Language Page RG- 43 

Appendix RG – Water Heating Calculation Method 

ATTACHMENT D 

 

TYPICAL SOLAR WATER HEATING SYSTEMS 

 

Storage Tank

Pump

ConTrol Unit

Hot Water Out

Cold Water In

Collector

Sensor

RECIRCULATION SYSTEM
            

Hot Water Out

Conventional
(Backup) Tank

Cold Water IN

Heat Exchanger

Storage Tank

Collector

THERMOSYPHON SYSTEM
 

 

 

Sensor

Cold Water In

Hot Water Out

Storage Tank

Drainback Reservoir

Control Unit

Pump Heat Exchanger

Sensor

DRAINBACK SYSTEM

Collector

            

Hot Water Out

Conventional
(Backup) Tank

Cold Water In

ICS SYSTEM

Collector &
Storage Tanks

 

 

 

DIRECT ACTIVE SYSTEMS     DIRECT PASSIVE SYSTEMS 
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INDIRECT PASSIVE SYSTEMS 

ATTACHMENT D -- cont’d. 
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ATTACHMENT E 

 

F-Chart 4.1 Base Case Input Parameters 

 

 

COLLECTOR PARAMETERS 

 C1. COLLECTOR AREA................................................................    48.00 FT2 

 C2. FR-UL PRODUCT ...................................................................   .70 BTU/HR-FT2-DEG F 

 C3. FR-TAU-ALPHA (NORMAL INCIDENCE)  ..............................  .65 

 C6. NUMBER OF CURVERS ......................................................1.00 

 C7. INDEX OF REFRACTION ......................................................1.53 

 C8. EXTINCTION COEFFICIENT × LENGTH (KL) ......................  .04 

 C9. INCIDENCE ANGLE MODIFIER CONSTANT ......................  .00 

 C10. COLLECTOR FLOW RATE * SPECIFIC HEAT/AREA ............ 9.69 BTU/HR-FT2-DEG F 

 C12. COLLECTOR SLOPE ......................................................... 18.50 DEGREES 

 C13. COLLECTOR AZIMUTH ...................................................  .00 DEGREES 

 C14. GROUND REFLECTANCE ..................................................   .20 

 C15. INCIDENCE ANGLE MODIFIERS (10, 20, 30, 40, 50, 60, 70, 80, DEG.) 

  1.00  .99 .98 .95 .90 .80 .63 .37 

 

COLLECTOR-STORE TRANSFER PARAMETERS 

 T2. UA OF COLLECTOR INLET PIPE OR DUCT.................... 4.25 BTU/HR-DEG F 

 T3. UA OF COLLECTOR OUTLET PIPE OR DUCT ................ 4.25 BTU/HR-DEG F 

 

STORAGE UNIT PARAMETERS 

 S1. TANK CAPACITY/COLLECTOR AREA ...........................13.88 BTU/DEG F-FT2 

 S2. STORAGE UNIT HEIGHT/DIAMETER RATIO  ................  2.00 

 S3.   HEAT LOSS COEFFICIENT .............................................. 08 BTU/HR-FT2-DEG F 

 S4. ENVIRONMENT TEMP. (-1000 FOR TENV=TAMB) ...68.00 DEG F 

 S5. HOT WATER AUXILIARY TANK UA ..............................13.45 BTU/HR-DEG F 

 S6. HOT WATER AUX TANK ENVIRONMENT TEMP............. 68.00 DEG F 

 

LOAD PARAMETERS 

 L3. HOT WATER USE ............................................................. 50.00 GALLONS/DAY 

 L4. HOT WATER SET TEMPERATURE ....................................  140.00 DEG F 
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 L5. WATER MAINS TEMPERATU7E ....................................... 65.00 DEG F 

 

AUXILIARY PARAMETERS 

 A3. HOT WATER AUXILIARY FUEL  

   (1=GAS, 2=ELEC, 3=OIL) .....................................1. 

 A4. AUXILIARY WATER HEATER EFFICIENCY.....................   .76 

 

ATTACHMENT  F 

F-Chart 4.1 Default Parameters 

COLLECTOR PARAMETERS 

 C1. COLLECTOR AREA................................................................ 538.20 FT2 

 C2. FR-UL PRODUCT ................................................................... .74 BTU/HR-FT2-DEG F 

 C3. FR-TAU-ALPHA (NORMAL INCIDENCE)  ................................70 

 C4. CONCENTRATION RATIO  ....................................................  2.00 

 C5. CPC ACCEPTANCE HALF-ANGLE ........................................   30.00 DEGREES 

 C6. NUMBER OF COVERS (IF 0, CIS IS USED)...........................  2.00 

 C7. INDEX OF REFRACTION .......................................................  1.53 

 C8. EXTINCTION COEFFICIENT X LENGTH (KL) ........................ .04 

 C9. INC. ANGLE MOD. CONSTANT (IF 0, C6-C USED) ............... .00 

 C10. COLLECTOR FLOW RATE & SPECIFIC HEAT/AREA.........  9.69 BTU/HR-FT2-DEG F 

 C11. TRACKING AXIS (1=EW, 2=NS, 3=2-AXIS) .........................  3.00 

 C12. COLLECTOR SLOPE...........................................................   43.00 DEGREES 

 C13. COLLECTOR AZIMUTH....................................................... .00 DEGREES 

 C14. GROUND REFLECTANCE .................................................. .20 

 C15. INCIDENCE ANGLE MODIFIERS (10, 20, 30, 40, 50, 60, 70, 80 DEG.) 

  1.00 .99 .98 .95 .90 .80 .63 .37 

 

COLLECTOR-STORE TRANSFER PARAMETERS 

 T1. EPS-CHIN OF COLLECTOR-STORE HX/COLLECTOR AREA  9.69 BTU/HR-FT2-DEG F 

 T2. UA OF COLLECTOR INLET PIPE OR DUCT.......................... .00 BTU/HR-DEG F 

 T3. UA OF COLLECTOR OUTLET PIPE OR DUCT ...................... .00 BTU/HR-DEG F 

 T4. COLLECTOR DUCT LEAK RATE (PER CENT) ......................   15.00 

 T5. DUCT LEAK LOCATION (1=INLET, 2=OUTLET, 3=BOTH) ....  3.00 

 

STORAGE UNIT PARAMETERS 
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 S1. TANK CAPACITY/COLLECTOR AREA...................................   17.12 BTU/DEG F-T2 

 S2. STORAGE UNIT HEIGHT/DIAMETER RATIO ........................  2.00 

 S3. HEAT LOSS COEFFICIENT .................................................... .09 BTU/HR-FT2-DEG F 

 S4. ENVIRONMENT TEMPERATURE (-1000 FOR TENV=TAMB)   68.00 DEG F 

 S5. HOT WATER AUXILIARY TANK UA .......................................  7.58 BTU/HR-DEG F 

 S6. HOT WATER AUX TANK ENVIRONMENT TEMPERATURE ..   68.00 DEG F 

 S7. ROCK BED CAPACITY/COLLECTOR AREA..........................   17.12 BTU/DEG F-T2 

 S8. PHASE-CHANGE VOLUME/COLLECTOR AREA (X1000)...... 246.07 FT3/FT2 

 S9. PHASE-CHANGE MATERIAL DENSITY.................................   91.15 LB/FT3 

 S10. VOID FRACTION................................................................. .25 

 S11. SOLID PHASE SPECIFIC HEAT.......................................... .46 BTU/LB-DEG F 

 S12. LIQUID PHASE SPECIFIC HEAT......................................... .78 BTULB-DEG F 

 S13. HEAT OF MELTING ............................................................. 107.94 BTU/LB 

 S14. MELTING TEMPERATURE..................................................   89.60 DEG F 

 

ATTACHMENT F-cont’d 

 

DELIVERY DEVICE PARAMETERS 

 D1. EPS-CHIN OF LOAD HEAT EXCHANGER .............................  2274.72 BTU/HR-DEG F 

 D2. MINIMUM TEMPERATURE FOR HX OPERATION.................   68.00 DEG F 

 D3. DELIVERY HEAT PUMP NUMBER.........................................  2.00 

 D4. MINIMUM HEAT PUMP ABSORBER TEMPERATURE...........   50.00 DEG F 

 D5. HEAT PUMP BYPASS TEMPERATURE................................. 104.00 DEG F 

 

LOAD PARAMETERS 

 L1. BUILDING UA ......................................................................... 521.29 BTU/HR-DEG F 

 L2. ROOM TEMPERATURE .........................................................   68.00 DEG F 

 L3. HOT WATER USE ..................................................................   79.26 GALLONS/DAY 

 L4. HOT WATER SET TEMPERATURE ....................................... 140.00 DEG F 

 L5. WATER MAINS TEMPERATURE ...........................................   51.80 DEG F 

 L6. TOTAL PROCESS OR SPACE HEATING LOAD .................... 473.90 MBTU/DAY 

 L7. HOURS PER DAY...................................................................   24.00 

 L8. LOAD RETURN TEMPERATURE ...........................................   63.00 DEG F 

 

AUXILIARY PARAMETERS 
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 A1. AUXILIARY FUEL TYPE (1=GAS, 2=ELEC, 3=OIL) ................  2. 

 A2. AUXILIARY DEVICE EFFICIENT ............................................  1.00 

 A3. HOT WATER AUXILIARY FUEL (1=GAS, 2=ELEC, 3=OIL) ....  2. 

 A4. AUXILIARY WATER HEATER EFFICIENCY...........................  1.00 

 A5. AUXILIARY HEAT PUMP NUMBER........................................  1. 

 

ECONOMIC PARAMETERS 

 E1. ECONOMIC OUTPUT DETAIL (1, 2 OR 3) .............................  2.00 

 E2. REFERENCE OR COMPARISON SYSTEM (1 OR 2) .............  1.00 

 E3. CALCULATE RATE OF RETURN (YES=1, NO=2)..................  2.00 

 E4. INCOME PRODUCING BUILDING (YES=1, 2=NO) ................  2.00 

 E5. DEPRC:  STR, LN,=1, DC,BAL.=2, SM-YR-DGT=3, NONE 4..  1.00 

 E6. CONSIDER FEDERAL TAX CREDITS (YES=1, 2=NO) ..........  1.00 

 E7. LENGTH OF ANALYSIS .........................................................   20.00 YEARS 

 E8. TAX CREDITABLE SYSTEM BASE COST .............................  $6000.00 

 E9. NON-TAX CREDITABLE SYSTEM BASE COST.....................  $        .00 

 E10. ANNUAL INCREASE IN PURCHASED ENERGY DEMAND .00 %/YR 

 E11. TERM OF MORTGAGE .......................................................   20.00 YEARS 

 E12. DOWN PAYMENT ................................................................   10.00 % 

 E13. MORTGAGE ANNUAL INTEREST RATE (% OF ORIG. INV.)  8.00 % 

 E14. RESALE VALUE (% OF ORIGINAL INVESTMENT)............. .00 % 

 E15. ANNUAL NOMINAL (MARKET) DISCOUNT RATE..............  8.00 % 

 E16. EXTRA INSUR., MAINT. IN YEAR 1 (% OF ORIG. INV.) .....  1.00 % 

 E17. ANNUAL % INCREASE IN ABOVE EXPENSES ..................  6.00 % 

 

 

ATTACHMENT F-cont’d 

 

 E18. EFFECTIVE FEDERAL-STATE INCOME TAX RATE...........   35.00 % 

 E19. TRUE PROP. TAX RATE PER $ OF ORIGINAL INVEST .....  2.00 % 

 E20. ANNUAL % INCREASE IN PROPERTY TAX RATE.............  6.00 %/YR 

 E21. STATE CREDIT IN TIER ONE .............................................   24.00 % 

 E22. STATE CREDIT TIER ONE BREAK.....................................$10000.00 

 E23. STATE CREDIT IN TIER TWO............................................. .00 % 

 E24. STATE CREDIT TIER TWO BREAK ....................................$10000.00 

 E25. USEFUL LIFE FOR DEPREC. PURPOSES .........................   20.00 YEARS 
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 E26. % OF ST. LINE DEP. RATE (DC. BAL. DEPRC.) ................. 150.00 % 

 

ATTACHMENT G 

 

F-Chart 4.0 Input Parameters 

for the Solar Sizing Charts 

Pursuant to the Residential Building Standards 

 

 

COLLECTOR PARAMETERS 

 C1. COLLECTOR AREA............................................................. VARIES 

 C2. FR-UL PRODUCT ................................................................ VARIES 

 C3. FR-TAU-ALPHA (NORMAL INCIDENCE) ............................. VARIES 

 C6. NUMBER OF COVERS........................................................  1.00 

 C7. INDEX OF REFRACTION ....................................................  1.53 

 C8. EXTINCTION COEFFICIENT X LENGTH (KL) .....................  0.04 

 C9. INCIDENCE ANGLE MODIFIER CONSTANT ......................  0.0 

 C10. COLLECTOR FLOW RATE * SPECIFIC HEAT/AREA..........  9.69 BTU/HR-FT2-DEG F 

 C12. COLLECTOR SLOPE...........................................................   18.50 DEGREES 

 C13. COLLECTOR AZIMUTH.......................................................  0.00 DEGREES 

 C14. GROUND REFLECTANCE ..................................................  0.20 DEGREES 

 

COLLECTOR-STORE TRANSFER PARAMETERS 

 T2. UA OF COLLECTOR INLET PIPE OR DUCT.......................  4.25 BTU/HR/DEG F 

 T3. UA OF COLLECTOR OUTLET PIPE OR DUCT ...................  4.25 BTU/HR-DEG F 

 

STORAGE UNIT PARAMETERS 

 S1. TANK CAPACITY/COLLECTOR AREA................................   10.40 BTU/DEG F-FT2 

 S2. STORAGE UNIT HEIGHT/DIAMETER RATIO .....................  2.14 

 S3. HEAT LOSS COEFFICIENT .................................................  0.08 BTU/HR-FT2-DEG 

 S4. ENVIRONMENT TEMPERATURE (-1000 FOR TENV=TAMB)    68.00 DEG F 

 S5. HOT WATER AUXILIARY TANK UA .................................... 13.45 BTU/HR-DEG F 

 S6. HOT WATER AUX TANK ENVIRONMENT TEMPERATURE   68.00 DEG F 

 

LOAD PARAMETERS 

 L3. HOT WATER USE ...............................................................   50.00 GALLONS/DAY 
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 L4. HOT WATER SET TEMPERATURE .................................... 140.00 DEG F 

 L5. WATER MAINS TEMPERATURE ........................................ VARIES BY CLIMATE 
ZONE 

 

AUXILIARY PARAMETERS 

 A3. HOT WATER AUXILIARY FUEL (1=GAS, 2=ELEC, 3=OIL) . 1. 

 A4. AUXILIARY WATER HEATER EFFICIENCY........................ 0.76 

 

ATTACHMENT H 

F-Chart 4.0 Assumptions 

Used for Residential 

Solar Domestic Hot Water Sizing Tables 

 

1. Two-tank gas backup solar system 

 

2. C12: collectors are mounted flush on the roof, with a pitch of 4 in 12 

 

3. T2 and T3 assumes heat losses from the collector to storage piping (2.5 feet of outside piping 
with 3/4 inch insulation, nominal pipe diameter of 3/4 inch; and 15 feet of inside piping with 1/2 
inch insulation on the collector inlet). 

 

 T2 = (.31 Btu/hr - ft2 - °F) × (.6 ft2/ft) × 2.5 + 

 (.51 Btu/hr - ft2 - °F) × (.49 ft2/ft) × 15 

 

 Therefore 

 T2 = UA = 
4 25. Btu
hr F−o  

 

4. S1: 82 gallon storage tank. 

 

5. S5: Assumes pump parasitic losses, backup tank skin and pilot light losses, and corrected for 
electrical resource energy line losses. 

 

 Pump Energy = 85 W pump × 6 hrs/day x 365 days/yr x 10,239 Btu/Wh 

  = 1,906,000Btu/year 

 

 Tank Standby Losses (include pilot energy loss and standby loss of 3.3 percent/hour) :  
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Therefore Hot Water Auxiliary Tank UA : 
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6. L3: Household hot water load - 50 gal./day 

 

7. L4: Hot water set temperature - 140°F. 

 

8. A4: Gas backup tank efficiency - 76% 

ATTACHMENT I 

 
  Climate Zone Weather Data 

 

CALL NO.   CITY   STATE  LATTITUDE 

 245  TITLE 24 ZONE 1 CA 41.00 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

 663.8  760.8  1046.8  1641.7  1874.6  2103.5 

  1947.6   1462.7  1115.8    803.8    612.9    497.9 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST 

 637.2  489.6  543.6  462.6  408.6  358.2 

 313.2  198.0  214.2  313.2  379.8  496.8 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

   42.8    48.2    46.4    50.0    51.8    53.6 

   53.6    57.2    57.2    53.6    51.8    48.2 

CALL NO.   CITY   STATE  LATTITUDE 

 246 TITLE 24 ZONE 2 CA 38.50 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 
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    752.8  1082.8  1477.7  2033.6  2120.6  2429.5 

  2488.5  2092.6  1792.6  1262.7    829.9    610.8 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST 

   586.8  426.6  385.2  277.2  158.4     79.2 

     32.4    21.6    45.0  158.4  349.2   531.0 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

     44.6    48.2    51.8    55.4    59.0     64.4 

     66.2    64.4    64.4    59.0    51.8     46.4 

CALL NO. CITY STATE LATTITUDE 

 247 TITLE 24 ZONE 3 CA 37.70 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

      843.9 904.8 1443.7 2040.5 2272.5 2392.5 

    2306.6 2087.5 1580.7 1086.7   843.9   590.9 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

   518.4 410.4 403.2 207.0 223.2 120.8 

   111.6   41.4 102.6 144.0 262.8 478.8 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

     48.2   50.0   51.8   57.2   57.2   60.8 

     60.8   62.6   60.8   59.0   55.4   48.2  

 

ATTACHMENT I cont’d. 

 

CALL NO. CITY STATE LATTITUDE 

 248 TITLE 24 ZONE 4 CA 37.40 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   766.8 1099.8 1491.7 2046.6 2125.6 2431.5 

 2492.5 2100.6 1808.7 1280.7   843.9  622.9 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

   527.4 318.6 372.6 253.8   255.6   72.0 

     34.2   21.6   64.8 147.6 331.2 534.6 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

     46.4   53.6   51.8   57.2   57.2   64.4 

     66.2   66.2   64.4   60.8   53.6   48.2 
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CALL NO. CITY STATE LATTITUDE 

 249 TITLE 24 ZONE 5 CA 34.90 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   843.9 1100.7 1549.7 1919.6 2043.6 2394.5 

 2368.5 2108.6 1687.6 1365.7   931.8  801.9 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 464.4 381.6 354.6 313.2 248.4 216.0 

   91.8   93.6 106.2 163.8 246.6 363.6 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

   48.2   51.8   53.6   53.6   57.2   57.2 

   60.8   60.8   60.8   59.0   55.4   51.8 

CALL NO. CITY STATE LATTITUDE 

 250 TITLE 24 ZONE 6 CA 33.80 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   916.8 1282.8 1593.7 1949.6 1992.6 2123.5 

 2312.5 2089.6 1682.7 1358.7 1011.8  874.8 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 338.4 262.8 194.4 138.6   95.4 .0 

       .0       .0     1.8   18.0 120.6 315.0 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

   53.6   55.4   59.0   60.8   62.6   68.0 

   71.6            73.4   71.6   66.2   60.8   55.4 
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ATTACHMENT I cont’d. 

CALL NO. CITY STATE LATTITUDE 

 251 TITLE 24 ZONE 7 CA 32.70 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

 1012.8 1142.8 1575.6 1869.6 2031.6 1927.5 

 2232.5 2130.6 1749.6 1387.7   997.6  871.5 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 268.2 246.6 297.0 122.4   91.8   46.8 

     1.8       .0     1.8   32.4 163.8 262.8 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

   55.4   55.4   55.4   60.8   60.8   62.6 

   66.2   69.8   66.2   64.4   59.0   55.4 

CALL NO. CITY STATE LATTITUDE 

 252 TITLE 24 ZONE 8 CA 33.70 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   974.8 1205.7 1636.7 2077.6 2249.5 2180.5 

 2477.5 2202.5 1890.6 1429.7   992.8  958.5 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 370.8 280.8 199.8 126.0   66.6      5.4 

     3.6       .0      .0  41.4  178.2  243.0 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

   51.8   53.6   57.2   60.8   64.4   66.2 

   71.6   69.8   71.6   64.6   57.2   57.2 

 CALL NO. CITY STATE LATTITUDE 

 253 TITLE 24 ZONE 9 CA 34.30 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   964.8 1196.8 1530.7 2072.6 2248.5 2184.6 

 2477.5 2200.6 1884.6 1421.7   983.8  946.8 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 352.8 318.6 266.4 171.0   79.2     3.6 

     1.8       .0     1.8   46.8 127.8 329.4 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 
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   51.8   51.8   53.6   59.0   62.6   64.4 

   71.6   69.8   68.0   62.6   59.0   53.6 

 

ATTACHMENT I cont’d. 

 

CALL NO.   CITY STATE LATTITUDE 

 254 TITLE 24 ZONE 10 CA 33.90 

SOLAR DATA FOR SURFACE SLOPE=.00 AZIMUTH=.00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   891.8 1212.8 1604.7 1926.6 2021.6 2195.6 

 2276.5 2085.6 1796.6 1360.7 1070.8  892.3 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 408.6 347.4 286.2 194.4 102.6   30.6 

       .0       .0     5.4   32.4 169.2 349.2 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

   51.8   51.8   55.4   59.0   64.4   69.8 

   75.2   77.0   73.4   66.2   57.2   53.8  

CALL NO. CITY STATE LATITUDE 

 255 TITLE 24 ZONE 11 CA 40.20 

SOLAR DATA FOR SURFACE SLOPE = .00 AZIMUTH = .00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   568.8   866.8 1318.7 1952.6 2338.5 2541.6 

 2685.4 2350.5   1855.6 1250.7   736.8  492.9 

LONG TERM MONTHLY AVERAGE DEG=F DAYS, JAN FIRST. 

 667.8 424.8 421.2 221.4   43.2     7.2 

       .0       .0   10.8   81.0 403.2 608.49 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG F, JAN FIRST. 

 42.8   50.0   51.8   57.2   68.0   77.0 

 82.4   80.6   75.2   64.4   51.8   44.6 

CALL NO. CITY STATE LATITUDE 

 256 TITLE 24 ZONE 12 CA 38.50 

SOLAR DATA FOR SURFACE SLOPE = .00 AZIMUTH = .00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   700.9   752.8 1476.7 2193.5 2453.5 2812.4 

 2718.5 2422.5 1938.6 1108.7   879.9  474.9 
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LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 725.4 496.8 439.2 133.2   93.6     7.2 

       .0       .0     3.6 104.4 311.4 592.2 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG-F, JAN FIRST. 

   41.0   46.4   50.0   60.8   60.8   69.8 

   71.6   73.4   68.0   60.8   53.6   44.6 

ATTACHMENT I cont’d. 

 

CALL NO. CITY STATE LATITUDE 

 257 TITLE 24 ZONE 13 CA 36.80 

SOLAR DATA FOR SURFACE SLOPE = .00 AZIMUTH = .00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   669.8 1032.8 1589.6 2116.6 2501.5 2720.4 

 2707.5 2398.5 2023.5 1455.7   910.8  569.9 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 653.4 421.2 277.2 190.8   39.6     7.2 

       .0       .0   10.8   59.4 358.2 682.2 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG-F, JAN FIRST. 

   42.8   50.0   55.4   59.0   68.0   77.0 

   82.4   78.8   73.4   64.4   51.8   42.8 

CALL NO. CITY STATE LATITUDE 

 258 TITLE 24 ZONE 14 CA 35.70 

SOLAR DATA FOR SURFACE SLOPE = .00 AZIMUTH = .00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   877.8 1187.8 1722.7 2278.6 2585.4 2732.5 

 2581.5 2459.5 1985.6 1504.7 1022.8  883.8 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 707.4 457.2 171.0 104.4   19.8       .0 

       .0       .0       .0   52.2 372.6 604.8 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG-F, JAN FIRST. 

   41.0   48.2   59.0   64.4   71.6   86.0 

   89.6   86.0   80.6   66.2   51.8   44.6 

CALL NO. CITY STATE LATITUDE 

 259 TITLE 24 ZONE 15 CA 32.80 

SOLAR DATA FOR SURFACE SLOPE = .00 AZIMUTH = .00 
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 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

 1150.7 1428.7 1830.6 2326.5 2533.5 2632.4 

 2373.5 2280.5 2032.6 1590.7 1274.8 1050.8 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 334.8 203.4 106.2     30.6        .0        .0 

       .0       .0       .0         .0    73.8   281.0 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG-F, JAN FIRST. 

   53.6   57.2   64.4     71.6    78.8     86.0 

   91.4   91.4   86.0     75.2    62.6     55.4 

ATTACHMENT I cont’d. 

 

CALL NO.  CITY STATE  LATITUDE 

 260 TITLE 24 ZONE 16 CA 41.30 

SOLAR DATA FOR SURFACE SLOPE = .00 AZIMUTH = .00 

 DATA IN BTU/FT2/DAY, LISTED JAN FIRST 

   568.8   798.9 1309.7 1779.6 2198.5 2480.5 

 2602.4 2234.6 1786.7 1168.8   599.8   527.9 

LONG TERM MONTHLY AVERAGE DEG-F DAYS, JAN FIRST. 

 1004.4 720.0 646.2 543.6 304.2 156.6 

     30.6 64.8 111.6 437.4 687.6 878.4 

LONG TERM MONTHLY AVERAGE AMBIENT TEMPERATURE, DEG-F, JAN FIRST. 

     32.0 39.2   44.6   46.4   55.4   62.6 

     71.6 68.0   62.6   51.8   42.8   37.4 
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ATTACHMENT J 

DETERMINING ENERGY SAVINGS FROM A PASSIVE SOLAR WATER HEATER 
(ALTERNATIVE CALCULATION METHOD FOR PASSIVE SOLAR CREDIT) 

Calculating the performance of a passive solar water heater is done by using test results published by the 
Solar Rating & Certification Corporation (SRCC) for passive solar water heaters and calculating the 
amount of energy which can be contributed by the equipment using local weather data. The calculation 
method is as follows: 

 

Step 1. Calculate temperature difference from SRCC data: 

 

 TSRCC = [QSAV /(100 gal/day x 8.25 Btu/gal-oF)] + [QCAP /(Vt x 8.25 Btu/gal-oF)] 

 

 Where:  QSAV (Btu/day) = from SRCC test results 

  QCAP (Btu) = from SRCC test results 

  Vt  (gal) = total volume of solar storage tank 

 

Step 2. Calculate energy losses during SRCC test: 

 

 QLOSS, SRCC = TSRCC  x 16 hr/day x L Btu/hr-oF 

 

 Where:  16 = number of hours system is losing heat 

  L (Heat Loss Coefficient, Btu/hr-oF from SRCC test results) 

 

Step 3. Calculate energy collected during the SRCC test: 

 

 QTOTAL, SRCC = QSAV + QLOSS, SRCC 

 

Step 4. Adjust energy collected to climate zone insolation values (see Table J-1) 

 

 QTOTAL, LOCAL = 1204 + [(QTOTAL, SRCC - 1204)/1500] x CZ insolation 

 

Table J-1 

 

Climate Zone CZ Insolation Climate Zone  CZ Insolation 

    

1 1340 9 1747 

2 1658 10 1919 
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3 1684 11 1706 

4 1734 12 1772 

5 1753 13 1845 

6 1724 14 1988 

7 1748 15 2007 

8 1768 16 1788 

Step 5. Determine TTANK, LOCAL , average tank temperature delivered to the site: 

 

 QTOTAL, LOCAL   = (50 gal/day) x (8.25 Btu/gal-oF) x (TTANK, LOCAL -  CZ Water Main Temp) 

   +  16 hrs/day x L x (TTANK, LOCAL -  CZ Ambient Air Temp) 

 

 Solving for TTANK, LOCAL: 

 

 TTANK, LOCAL = (A1 + A2 + QTOTAL, LOCAL) / (A3 + A4) 

 

  Where:  A1 = (50 gal/day) x (8.25 Btu/gal-oF) x (CZ Water Main Temp) 

   A2 = 16 hrs/day x L x (CZ Ambient Air Temp) 

   A3 = (50 gal/day) x (8.25 Btu/gal-oF) 

   A4 = 16 hrs/day x L 

  CZ Water Main Temp and CZ Ambient Air Temp from Table J-2  

 

 

Table J-2 

Climate Zone Water Main & Ambient Air Temp 

 

 

Climate Zone Ambient Air Temp  oF Water Main Temp oF 

   

1 52.1 60 

2 57.9 65 

3 56.9 65 

4 59.6 65 

5 60.3 65 

6 63.5 70 

7 62.9 70 

8 63 70 

9 63.6 70 
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10 63.3 70 

11 62.8 65 

12 60.3 65 

13 62.3 65 

14 55.9 65 

15 72.6 70 

16 42.8 60 

Step 6. Determine energy losses at the site: 

 

 QLOSS, LOCAL = L x 16 hrs x (TTANK, LOCAL - CZ Ambient Air Temp) 

 

Step 7. Determine energy used by electric resistance freeze protection devices: 

 

 ERP = (Freeze days/yr + 4) x (Collector Area) x (0.5 kBtu /ft 2 -freeze day) 

 

 This is calculated only if the system uses electric resistance freeze protection. 

 

Step 8. Calculate system total annual energy contribution (mmBtu/yr): 

 

  {(QTOTAL, LOCAL - QLOSS, LOCAL) x 0.365 x 0.001 -  ERP} x (No. of Dwelling Units) 

 

 Step 9. Calculate Standard Recovery Load, SRL (mmBtu/yr): 

 

    n 

SRLk = Σ  {0.0855347(CFAi /1000)2 + 3.61307 (CFAi /1000)  +  6.036}/number 

of systems 

  i=1 

 

Step 10: Determine Distribution System Credit/Penalty: 

 

 Select Distribution System Credit/Penalty from Table J-3. 

 

 
 

Table J-3:  Distribution System Credit/Penalty1 (per worksheet) 
 

 Standard Hot _________Recirculation Systems___________ 

 Recovery Point- Water Pipe 
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 Load of-Use  Recovery1 Insulation1 Time/Temp Demand Time Temp Cont 
 
 < 6.3 1.1 1.1 0.5 0.2 0.1 -1.7 -0.3 -3.1 

 6.3 - 6.99 1.2 1.2 0.5 0.2 0.1 -1.8 -0.3 -3.4 

 7.0 - 7.49 1.3 1.3 0.5 0.3 0.1 -1.9 -0.4 -3.7 

 7.5 - 7.99 1.4 1.4 0.6 0.3 0.1 -2.1 -0.4 -3.9 

 8.0 - 8.49 1.5 1.5 0.6 0.3 0.1 -2.2 -0.4 -4.2 
 

 8.5 - 8.99 1.6 1.6 0.6 0.3 0.1 -2.3 -0.4 -4.4 

 9.0 - 9.49 1.7 1.7 0.7 0.3 0.2 -2.5 -0.5 -4.7 

 9.5 - 9.99 1.7 1.7 0.7 0.4 0.2 -2.6 -0.5 -5.0 

 10.0 - 10.99 1.8 1.8 0.8 0.4 0.2 -2.8 -0.5 -5.2 

 11.0 - 11.99 2.0 2.0 0.8 0.4 0.2 -3.0 -0.6 -5.7 
 
 12.0 - 12.99 2.2 2.2 0.9 0.5 0.2 -3.3 -0.6 -6.3 

 13.0 - 13.99 2.4 2.4 1.0 0.5 0.2 -3.6 -0.7 -6.8 

 14.0 - 15.99 2.6 2.6 1.1 0.5 0.2 -3.9 -0.7 -7.3 

 16.0 - 17.99 2.9 2.9 1.2 0.6 0.3 -4.4 -0.8 -8.4 

 18.0 - 19.99 3.3 3.3 1.4 0.7 0.3 -5.0 -0.9 -9.4 
 
 20.0 - 21.99 3.7 3.7 1.5 0.8 0.3 -5.5 -1.0 -10.4 

 22.0 - 23.99 4.0 4.0 1.7 0.8 0.4 -6.1 -1.1 -11.5 

 24.0 - 25.99 4.4 4.4 1.8 0.9 0.4 -6.6 -1.2 -12.5 

 26.0+  4.8 4.8 2.0 1.0 0.4 -7.2 -1.4 -13.6 

 

1. Hot water recovery and pipe insulation credits may only be applied to non-recirculating systems and 
demand recirculating systems.  All other recirculating systems must have pipe insulation. 

 

Step 11: Adjust Recovery Load: 

 

Adjust Recovery Load  = SRL (from Step 9)  -  Distribution System Credit/Penalty (from Step 10 ) 
- System total annual energy contribution (from Step 8) 

 

The adjusted recovery load  must be greater than 3 mmBtu/yr, (if the  result is less than 3 assign 
a value  of three.) 

 

Step 12: Estimate Basic Energy Use 

 

 Estimate basic energy use  using the adjust recovery load from step 11 and Table  J-4 

 

Step 13: Calculate water heating energy budget  (mmBtu/yr): 
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                    N 

 Water heating energy budget  = 0.00485  x  Σ CFAi   +   16.37 N 

       

Step14: Calculate Solar  Savings Fraction: 

 

Solar  Savings Fraction = 1  -  Basic Energy Use (Step 12)  /  Water Heating Energy Budget   (Step 13) 
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Table  J-4A:  Basic Energy Use (BEU) - Storage Gas Heater [no interpolation] 
 

A d j u s t e
d  

Energy Factor 

Load 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52 0.53 0.54 0.55 0.56 0.57 0.58 0.60 0.62 0.64 0.66 0.68 0.70 0.74 0.78 0.82 
3.0 19.9 18.5 17.3 16.2 15.3 14.4 13.7 13.0 12.4 11.8 11.3 10.8 10.4 10.0 9.3 8.7 8.1 7.7 7.2 6.8 6.2 5.7 5.2 
3.2 19.6 18.3 17.2 16.2 15.3 14.5 13.8 13.1 12.6 12.0 11.5 11.1 10.6 10.3 9.6 8.9 8.4 7.9 7.5 7.1 6.5 5.9 5.5 
3.4 19.4 18.2 17.2 16.2 15.4 14.6 14.0 13.3 12.8 12.2 11.8 11.3 10.9 10.5 9.8 9.2 8.7 8.2 7.8 7.4 6.7 6.2 5.7 
3.6 19.3 18.2 17.2 16.3 15.5 14.8 14.2 13.6 13.0 12.5 12.0 11.6 11.2 10.8 10.1 9.5 9.0 8.5 8.1 7.7 7.0 6.4 5.9 
3.8 19.3 18.2 17.3 16.5 15.7 15.0 14.4 13.8 13.2 12.7 12.3 11.8 11.4 11.1 10.4 9.8 9.2 8.8 8.3 7.9 7.3 6.7 6.2 
4.0 19.3 18.3 17.4 16.6 15.9 15.2 14.6 14.0 13.5 13.0 12.5 12.1 11.7 11.3 10.7 10.1 9.5 9.0 8.6 8.2 7.5 6.9 6.4 
4.2 19.4 18.4 17.6 16.8 16.1 15.4 14.8 14.2 13.7 13.2 12.8 12.4 12.0 11.6 10.9 10.3 9.8 9.3 8.9 8.5 7.8 7.2 6.7 
4.4 19.5 18.6 17.7 17.0 16.3 15.6 15.0 14.5 14.0 13.5 13.1 12.6 12.3 11.9 11.2 10.6 10.1 9.6 9.1 8.7 8.0 7.4 6.9 
4.6 19.6 18.7 17.9 17.2 16.5 15.9 15.3 14.7 14.2 13.8 13.3 12.9 12.5 12.2 11.5 10.9 10.3 9.8 9.4 9.0 8.3 7.7 7.1 
4.8 19.8 18.9 18.1 17.4 16.7 16.1 15.5 15.0 14.5 14.0 13.6 13.2 12.8 12.4 11.8 11.2 10.6 10.1 9.7 9.3 8.5 7.9 7.4 
5.0 19.9 19.1 18.3 17.6 17.0 16.4 15.8 15.3 14.8 14.3 13.9 13.5 13.1 12.7 12.0 11.4 10.9 10.4 9.9 9.5 8.8 8.1 7.6 
5.2 20.1 19.3 18.5 17.8 17.2 16.6 16.0 15.5 15.0 14.6 14.1 13.7 13.3 13.0 12.3 11.7 11.1 10.6 10.2 9.8 9.0 8.4 7.8 
5.4 20.3 19.5 18.8 18.1 17.4 16.9 16.3 15.8 15.3 14.8 14.4 14.0 13.6 13.2 12.6 12.0 11.4 10.9 10.4 10.0 9.3 8.6 8.1 
5.6 20.5 19.7 19.0 18.3 17.7 17.1 16.6 16.0 15.6 15.1 14.7 14.3 13.9 13.5 12.8 12.2 11.7 11.2 10.7 10.3 9.5 8.9 8.3 
5.8 20.7 19.9 19.2 18.6 17.9 17.4 16.8 16.3 15.8 15.4 14.9 14.5 14.1 13.8 13.1 12.5 11.9 11.4 11.0 10.5 9.8 9.1 8.5 
6.0 20.9 20.2 19.5 18.8 18.2 17.6 17.1 16.6 16.1 15.6 15.2 14.8 14.4 14.0 13.4 12.8 12.2 11.7 11.2 10.8 10.0 9.3 8.7 
6.2 21.2 20.4 19.7 19.1 18.4 17.9 17.3 16.8 16.3 15.9 15.5 15.1 14.7 14.3 13.6 13.0 12.5 11.9 11.5 11.0 10.2 9.6 9.0 
6.4 21.4 20.6 20.0 19.3 18.7 18.1 17.6 17.1 16.6 16.2 15.7 15.3 14.9 14.6 13.9 13.3 12.7 12.2 11.7 11.3 10.5 9.8 9.2 
6.6 21.6 20.9 20.2 19.6 19.0 18.4 17.9 17.4 16.9 16.4 16.0 15.6 15.2 14.8 14.2 13.5 13.0 12.4 12.0 11.5 10.7 10.0 9.4 
6.8 21.9 21.1 20.5 19.8 19.2 18.7 18.1 17.6 17.1 16.7 16.3 15.9 15.5 15.1 14.4 13.8 13.2 12.7 12.2 11.8 10.9 10.2 9.6 
7.0 22.1 21.4 20.7 20.1 19.5 18.9 18.4 17.9 17.4 17.0 16.5 16.1 15.7 15.4 14.7 14.1 13.5 12.9 12.5 12.0 11.2 10.5 9.8 
7.2 22.3 21.6 21.0 20.3 19.7 19.2 18.6 18.1 17.7 17.2 16.8 16.4 16.0 15.6 14.9 14.3 13.7 13.2 12.7 12.2 11.4 10.7 10.1 
7.4 22.6 21.9 21.2 20.6 20.0 19.4 18.9 18.4 17.9 17.5 17.1 16.7 16.3 15.9 15.2 14.6 14.0 13.4 12.9 12.5 11.6 10.9 10.3 
7.6 22.8 22.1 21.5 20.8 20.3 19.7 19.2 18.7 18.2 17.8 17.3 16.9 16.5 16.2 15.5 14.8 14.2 13.7 13.2 12.7 11.9 11.1 10.5 
7.8 23.1 22.4 21.7 21.1 20.5 20.0 19.4 18.9 18.5 18.0 17.6 17.2 16.8 16.4 15.7 15.1 14.5 13.9 13.4 13.0 12.1 11.4 10.7 
8.0 23.3 22.6 22.0 21.4 20.8 20.2 19.7 19.2 18.7 18.3 17.8 17.4 17.0 16.7 16.0 15.3 14.7 14.2 13.7 13.2 12.3 11.6 10.9 
8.2 23.6 22.9 22.2 21.6 21.0 20.5 20.0 19.5 19.0 18.5 18.1 17.7 17.3 16.9 16.2 15.6 15.0 14.4 13.9 13.4 12.6 11.8 11.1 
8.4 23.8 23.1 22.5 21.9 21.3 20.7 20.2 19.7 19.3 18.8 18.4 18.0 17.6 17.2 16.5 15.8 15.2 14.7 14.2 13.7 12.8 12.0 11.3 
8.6 24.1 23.4 22.8 22.1 21.6 21.0 20.5 20.0 19.5 19.1 18.6 18.2 17.8 17.4 16.7 16.1 15.5 14.9 14.4 13.9 13.0 12.2 11.6 
8.8 24.3 23.7 23.0 22.4 21.8 21.3 20.7 20.2 19.8 19.3 18.9 18.5 18.1 17.7 17.0 16.3 15.7 15.2 14.6 14.1 13.2 12.5 11.8 
9.0 24.6 23.9 23.3 22.7 22.1 21.5 21.0 20.5 20.0 19.6 19.1 18.7 18.3 18.0 17.2 16.6 16.0 15.4 14.9 14.4 13.5 12.7 12.0 
9.2 24.8 24.2 23.5 22.9 22.3 21.8 21.3 20.8 20.3 19.8 19.4 19.0 18.6 18.2 17.5 16.8 16.2 15.6 15.1 14.6 13.7 12.9 12.2 
9.4 25.1 24.4 23.8 23.2 22.6 22.0 21.5 21.0 20.5 20.1 19.7 19.2 18.8 18.5 17.7 17.1 16.4 15.9 15.3 14.8 13.9 13.1 12.4 
9.6 25.4 24.7 24.0 23.4 22.9 22.3 21.8 21.3 20.8 20.3 19.9 19.5 19.1 18.7 18.0 17.3 16.7 16.1 15.6 15.1 14.1 13.3 12.6 
9.8 25.6 24.9 24.3 23.7 23.1 22.6 22.0 21.5 21.1 20.6 20.2 19.7 19.3 19.0 18.2 17.6 16.9 16.3 15.8 15.3 14.4 13.5 12.8 
10.0 25.9 25.2 24.6 23.9 23.4 22.8 22.3 21.8 21.3 20.9 20.4 20.0 19.6 19.2 18.5 17.8 17.2 16.6 16.0 15.5 14.6 13.8 13.0 
10.5 26.5 25.8 25.2 24.6 24.0 23.5 22.9 22.4 22.0 21.5 21.0 20.6 20.2 19.8 19.1 18.4 17.8 17.2 16.6 16.1 15.1 14.3 13.5 
11.0 27.1 26.5 25.8 25.2 24.7 24.1 23.6 23.1 22.6 22.1 21.7 21.2 20.8 20.4 19.7 19.0 18.4 17.7 17.2 16.6 15.7 14.8 14.0 
11.5 27.8 27.1 26.5 25.9 25.3 24.7 24.2 23.7 23.2 22.7 22.3 21.9 21.5 21.1 20.3 19.6 18.9 18.3 17.7 17.2 16.2 15.3 14.5 
12.0 28.4 27.7 27.1 26.5 25.9 25.4 24.8 24.3 23.8 23.4 22.9 22.5 22.1 21.7 20.9 20.2 19.5 18.9 18.3 17.8 16.8 15.9 15.1 
12.5 29.0 28.4 27.7 27.1 26.6 26.0 25.5 25.0 24.5 24.0 23.5 23.1 22.7 22.3 21.5 20.8 20.1 19.5 18.9 18.3 17.3 16.4 15.6 
13.0 29.7 29.0 28.4 27.8 27.2 26.6 26.1 25.6 25.1 24.6 24.1 23.7 23.3 22.9 22.1 21.3 20.7 20.0 19.4 18.9 17.8 16.9 16.0 
13.5 30.3 29.6 29.0 28.4 27.8 27.2 26.7 26.2 25.7 25.2 24.7 24.3 23.9 23.5 22.7 21.9 21.2 20.6 20.0 19.4 18.3 17.4 16.5 
14.0 30.9 30.3 29.6 29.0 28.4 27.9 27.3 26.8 26.3 25.8 25.3 24.9 24.5 24.0 23.2 22.5 21.8 21.1 20.5 19.9 18.9 17.9 17.0 
14.5 31.6 30.9 30.3 29.6 29.0 28.5 27.9 27.4 26.9 26.4 25.9 25.5 25.1 24.6 23.8 23.1 22.4 21.7 21.1 20.5 19.4 18.4 17.5 
15.0 32.2 31.5 30.9 30.3 29.7 29.1 28.5 28.0 27.5 27.0 26.5 26.1 25.6 25.2 24.4 23.6 22.9 22.2 21.6 21.0 19.9 18.9 18.0 
15.5 32.8 32.1 31.5 30.9 30.3 29.7 29.1 28.6 28.1 27.6 27.1 26.7 26.2 25.8 25.0 24.2 23.5 22.8 22.2 21.5 20.4 19.4 18.5 
16.0 33.4 32.7 32.1 31.5 30.9 30.3 29.8 29.2 28.7 28.2 27.7 27.3 26.8 26.4 25.5 24.8 24.0 23.3 22.7 22.1 20.9 19.9 19.0 
16.5 34.0 33.4 32.7 32.1 31.5 30.9 30.3 29.8 29.3 28.8 28.3 27.8 27.4 26.9 26.1 25.3 24.6 23.9 23.2 22.6 21.4 20.4 19.5 
17.0 34.7 34.0 33.3 32.7 32.1 31.5 30.9 30.4 29.9 29.4 28.9 28.4 28.0 27.5 26.7 25.9 25.1 24.4 23.8 23.1 22.0 20.9 19.9 
17.5 35.3 34.6 33.9 33.3 32.7 32.1 31.5 31.0 30.5 30.0 29.5 29.0 28.5 28.1 27.2 26.4 25.7 25.0 24.3 23.6 22.5 21.4 20.4 
18.0 35.9 35.2 34.5 33.9 33.3 32.7 32.1 31.6 31.1 30.5 30.0 29.6 29.1 28.6 27.8 27.0 26.2 25.5 24.8 24.2 23.0 21.9 20.9 
18.5 36.5 35.8 35.1 34.5 33.9 33.3 32.7 32.2 31.6 31.1 30.6 30.1 29.7 29.2 28.3 27.5 26.8 26.0 25.3 24.7 23.5 22.4 21.4 
19.0 37.1 36.4 35.7 35.1 34.5 33.9 33.3 32.8 32.2 31.7 31.2 30.7 30.2 29.8 28.9 28.1 27.3 26.5 25.8 25.2 24.0 22.8 21.8 
19.5 37.7 37.0 36.3 35.7 35.1 34.5 33.9 33.3 32.8 32.3 31.8 31.3 30.8 30.3 29.4 28.6 27.8 27.1 26.4 25.7 24.5 23.3 22.3 
20.0 38.3 37.6 36.9 36.3 35.7 35.1 34.5 33.9 33.4 32.8 32.3 31.8 31.3 30.9 30.0 29.1 28.4 27.6 26.9 26.2 24.9 23.8 22.8 
21.0 39.5 38.8 38.1 37.4 36.8 36.2 35.6 35.1 34.5 34.0 33.4 32.9 32.5 32.0 31.1 30.2 29.4 28.6 27.9 27.2 25.9 24.8 23.7 
22.0 40.7 40.0 39.3 38.6 38.0 37.4 36.8 36.2 35.6 35.1 34.6 34.1 33.6 33.1 32.2 31.3 30.5 29.7 28.9 28.2 26.9 25.7 24.6 
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Table  J-4B:  Basic Energy Use (BEU) - Storage Electric Heater [no interpolation] 
Adjus ted
R e c o v e r

Energy Factor 

L o a d 0.77 0.78 0.79 0.80 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 
3.0 22.4 21.1 20.0 19.0 18.1 17.2 16.5 15.8 15.2 14.6 14.0 13.5 13.0 12.6 12.2 11.8 11.5 11.1 10.8 10.5 10.2 9.9 9.7 
3.2 23.0 21.8 20.7 19.7 18.8 18.0 17.2 16.5 15.9 15.3 14.7 14.2 13.8 13.3 12.9 12.5 12.1 11.8 11.5 11.1 10.8 10.6 10.3 
3.4 23.6 22.4 21.3 20.4 19.5 18.7 17.9 17.2 16.6 16.0 15.4 14.9 14.4 14.0 13.6 13.2 12.8 12.4 12.1 11.8 11.5 11.2 10.9 
3.6 24.2 23.1 22.0 21.1 20.2 19.4 18.6 17.9 17.3 16.7 16.1 15.6 15.1 14.7 14.2 13.8 13.5 13.1 12.7 12.4 12.1 11.8 11.5 
3.8 24.8 23.7 22.7 21.7 20.9 20.1 19.3 18.6 18.0 17.4 16.8 16.3 15.8 15.4 14.9 14.5 14.1 13.7 13.4 13.1 12.7 12.4 12.1 
4.0 25.5 24.4 23.3 22.4 21.6 20.8 20.0 19.3 18.7 18.1 17.5 17.0 16.5 16.0 15.6 15.2 14.8 14.4 14.0 13.7 13.4 13.1 12.8 
4.2 26.1 25.0 24.0 23.1 22.2 21.4 20.7 20.0 19.4 18.8 18.2 17.7 17.2 16.7 16.3 15.8 15.4 15.0 14.7 14.3 14.0 13.7 13.4 
4.4 26.7 25.6 24.7 23.8 22.9 22.1 21.4 20.7 20.1 19.5 18.9 18.4 17.8 17.4 16.9 16.5 16.1 15.7 15.3 15.0 14.6 14.3 14.0 
4.6 27.3 26.3 25.3 24.4 23.6 22.8 22.1 21.4 20.7 20.1 19.6 19.0 18.5 18.0 17.6 17.1 16.7 16.3 15.9 15.6 15.2 14.9 14.6 
4.8 28.0 26.9 26.0 25.1 24.3 23.5 22.7 22.1 21.4 20.8 20.2 19.7 19.2 18.7 18.2 17.8 17.4 17.0 16.6 16.2 15.9 15.5 15.2 
5.0 28.6 27.6 26.6 25.7 24.9 24.1 23.4 22.7 22.1 21.5 20.9 20.4 19.8 19.3 18.9 18.4 18.0 17.6 17.2 16.8 16.5 16.1 15.8 
5.2 29.2 28.2 27.3 26.4 25.6 24.8 24.1 23.4 22.7 22.1 21.6 21.0 20.5 20.0 19.5 19.1 18.6 18.2 17.8 17.5 17.1 16.7 16.4 
5.4 29.8 28.8 27.9 27.0 26.2 25.5 24.7 24.1 23.4 22.8 22.2 21.7 21.1 20.6 20.2 19.7 19.3 18.9 18.5 18.1 17.7 17.4 17.0 
5.6 30.4 29.5 28.5 27.7 26.9 26.1 25.4 24.7 24.1 23.5 22.9 22.3 21.8 21.3 20.8 20.3 19.9 19.5 19.1 18.7 18.3 18.0 17.6 
5.8 31.0 30.1 29.2 28.3 27.5 26.8 26.0 25.4 24.7 24.1 23.5 23.0 22.4 21.9 21.4 21.0 20.5 20.1 19.7 19.3 18.9 18.6 18.2 
6.0 31.6 30.7 29.8 29.0 28.2 27.4 26.7 26.0 25.4 24.7 24.2 23.6 23.1 22.6 22.1 21.6 21.2 20.7 20.3 19.9 19.5 19.2 18.8 
6.2 32.3 31.3 30.4 29.6 28.8 28.0 27.3 26.7 26.0 25.4 24.8 24.2 23.7 23.2 22.7 22.2 21.8 21.4 20.9 20.5 20.2 19.8 19.4 
6.4 32.9 31.9 31.1 30.2 29.4 28.7 28.0 27.3 26.6 26.0 25.4 24.9 24.3 23.8 23.3 22.9 22.4 22.0 21.6 21.2 20.8 20.4 20.0 
6.6 33.5 32.5 31.7 30.8 30.1 29.3 28.6 27.9 27.3 26.7 26.1 25.5 25.0 24.5 24.0 23.5 23.0 22.6 22.2 21.8 21.4 21.0 20.6 
6.8 34.1 33.2 32.3 31.5 30.7 29.9 29.2 28.6 27.9 27.3 26.7 26.2 25.6 25.1 24.6 24.1 23.7 23.2 22.8 22.4 22.0 21.6 21.2 
7.0 34.7 33.8 32.9 32.1 31.3 30.6 29.9 29.2 28.6 27.9 27.3 26.8 26.2 25.7 25.2 24.7 24.3 23.8 23.4 23.0 22.6 22.2 21.8 
7.2 35.3 34.4 33.5 32.7 31.9 31.2 30.5 29.8 29.2 28.6 28.0 27.4 26.9 26.3 25.8 25.4 24.9 24.4 24.0 23.6 23.2 22.8 22.4 
7.4 35.9 35.0 34.1 33.3 32.6 31.8 31.1 30.5 29.8 29.2 28.6 28.0 27.5 27.0 26.5 26.0 25.5 25.1 24.6 24.2 23.8 23.4 23.0 
7.6 36.5 35.6 34.7 33.9 33.2 32.4 31.7 31.1 30.4 29.8 29.2 28.7 28.1 27.6 27.1 26.6 26.1 25.7 25.2 24.8 24.4 24.0 23.6 
7.8 37.0 36.2 35.3 34.5 33.8 33.1 32.4 31.7 31.1 30.4 29.8 29.3 28.7 28.2 27.7 27.2 26.7 26.3 25.8 25.4 25.0 24.6 24.2 
8.0 37.6 36.8 35.9 35.2 34.4 33.7 33.0 32.3 31.7 31.1 30.5 29.9 29.4 28.8 28.3 27.8 27.3 26.9 26.4 26.0 25.6 25.2  24.8 
8.2 38.2 37.4 36.5 35.8 35.0 34.3 33.6 32.9 32.3 31.7 31.1 30.5 30.0 29.4 28.9 28.4 28.0 27.5 27.0 26.6 26.2 25.8 25.4 
8.4 38.8 37.9 37.1 36.4 35.6 34.9 34.2 33.5 32.9 32.3 31.7 31.1 30.6 30.0 29.5 29.0 28.6 28.1 27.7 27.2 26.8 26.4 26.0 
8.6 39.4 38.5 37.7 37.0 36.2 35.5 34.8 34.2 33.5 32.9 32.3 31.7 31.2 30.7 30.1 29.7 29.2 28.7 28.3 27.8 27.4 27.0 26.6 
8.8 40.0 39.1 38.3 37.6 36.8 36.1 35.4 34.8 34.1 33.5 32.9 32.4  31.8 31.3 30.8 30.3 29.8 29.3 28.9 28.4 28.0 27.6 27.2 
9.0 40.5 39.7 38.9 38.1 37.4 36.7 36.0 35.4 34.7 34.1 33.5 33.0 32.4 31.9 31.4 30.9 30.4 29.9 29.5 29.0 28.6 28.2 27.8 
9.2 41.1 40.3 39.5 38.7 38.0 37.3 36.6 36.0 35.3 34.7 34.1 33.6 33.0 32.5 32.0 31.5 31.0 30.5 30.1 29.6 29.2 28.8 28.4 
9.4 41.7 40.9 40.1 39.3 38.6 37.9 37.2 36.6 35.9 35.3 34.7 34.2 33.6 33.1 32.6 32.1 31.6 31.1 30.7 30.2 29.8 29.4 29.0 
9.6 42.3 41.4  40.7 39.9 39.2 38.5 37.8 37.2 36.5 35.9 35.3 34.8 34.2 33.7 33.2 32.7 32.2 31.7 31.3 30.8 30.4 30.0 29.5 
9.8 42.8 42.0 41.2 40.5 39.8 39.1 38.4 37.8 37.1 36.5 35.9 35.4 34.8 34.3 33.8 33.3 32.8 32.3 31.9 31.4 31.0 30.5 30.1 
10.0 43.4 42.6 41.8 41.1 40.4 39.7 39.0 38.4 37.7 37.1 36.5 36.0 35.4 34.9 34.4 33.9 33.4 32.9 32.4 32.0 31.6 31.1 30.7 
10.5 44.8 44.0 43.3 42.5 41.8 41.1 40.5 39.8 39.2 38.6 38.0 37.5 36.9 36.4 35.9 35.4 34.9 34.4 33.9 33.5 33.0 32.6 32.2 
11.0 46.2 45.4 44.7 44.0 43.3 42.6 41.9 41.3 40.7 40.1 39.5 39.0 38.4 37.9 37.4 36.8 36.4 35.9 35.4 35.0 34.5 34.1 33.7 
11.5 47.6 46.8 46.1 45.4 44.7 44.0 43.4 42.8 42.2 41.6 41.0 40.4 39.9 39.3 38.8 38.3 37.8 37.4 36.9 36.4 36.0 35.6 35.1 
12.0 49.0 48.2 47.5 46.8 46.1 45.5 44.8 44.2 43.6 43.0 42.5 41.9 41.3 40.8 40.3 39.8 39.3 38.8 38.4 37.9 37.5 37.0 36.6 
12.5 50.3 49.6 48.9 48.2 47.6 46.9 46.3 45.7 45.1 44.5 43.9 43.4 42.8 42.3 41.8 41.3 40.8 40.3 39.8 39.4 38.9 38.5 38.1 
13.0 51.7 51.0 50.3 49.6 49.0 48.3 47.7 47.1 46.5 45.9 45.4 44.8 44.3 43.7 43.2 42.7 42.2 41.8 41.3 40.8 40.4 40.0 39.5 
13.5 53.1 52.4 51.7 51.0 50.4 49.7 49.1 48.5 47.9 47.3 46.8 46.2 45.7 45.2 44.7 44.2 43.7 43.2 42.8 42.3 41.8 41.4 41.0 
14.0 54.4 53.7 53.0 52.4 51.7 51.1 50.5 49.9 49.3 48.8 48.2 47.7 47.2 46.6 46.1 45.6 45.1 44.7 44.2 43.8 43.3 42.9 42.4 
14.5 55.7 55.1 54.4 53.8 53.1 52.5 51.9 51.3 50.8 50.2 49.6 49.1 48.6 48.1 47.6 47.1 46.6 46.1 45.7 45.2 44.8 44.3 43.9 
15.0 57.1 56.4 55.7 55.1 54.5 53.9 53.3 52.7 52.2 51.6 51.1 50.5 50.0 49.5 49.0 48.5 48.0 47.6 47.1 46.7 46.2 45.8 45.3 
15.5 58.4 57.7 57.1 56.5 55.9 55.3 54.7 54.1 53.6 53.0 52.5 52.0 51.4 50.9 50.4 50.0 49.5 49.0 48.5 48.1 47.7 47.2 46.8 
16.0 59.7 59.1 58.4 57.8 57.2 56.6 56.1 55.5 54.9 54.4 53.9 53.4 52.9 52.4 51.9 51.4 50.9 50.4 50.0 49.5 49.1 48.7 48.2 
16.5 61.0 60.4 59.8 59.2 58.6 58.0 57.4 56.9 56.3 55.8 55.3 54.8 54.3 53.8 53.3 52.8 52.3 51.9 51.4 51.0 50.5 50.1 49.7 
17.0 62.3 61.7 61.1 60.5 59.9 59.4 58.8 58.3 57.7 57.2 56.7 56.2 55.7 55.2 54.7 54.2 53.8 53.3 52.9 52.4 52.0 51.6 51.1 
17.5 63.6 63.0 62.4 61.8 61.3 60.7 60.2 59.6 59.1 58.6 58.1 57.6 57.1 56.6 56.1 55.6 55.2 54.7 54.3 53.9 53.4 53.0 52.6 
18.0 64.9 64.3 63.7 63.1 62.6 62.0 61.5 61.0 60.5 59.9 59.4 59.0 58.5 58.0 57.5 57.1 56.6 56.2 55.7 55.3 54.9 54.4 54.0 
18.5 66.1 65.6 65.0 64.5 63.9 63.4 62.8 62.3 61.8 61.3 60.8 60.3 59.9 59.4 58.9 58.5 58.0 57.6 57.1 56.7 56.3 55.9 55.5 
19.0 67.4 66.9 66.3 65.8 65.2 64.7 64.2 63.7 63.2 62.7 62.2 61.7 61.2 60.8 60.3 59.9 59.4 59.0 58.6 58.1 57.7 57.3 56.9 
19.5 68.7 68.1 67.6 67.1 66.5 66.0 65.5 65.0 64.5 64.0 63.6 63.1 62.6 62.2 61.7 61.3 60.8 60.4 60.0 59.6 59.2 58.7 58.3 
20.0 70.0 69.4 68.9 68.4 67.9 67.3 66.8 66.4 65.9 65.4 64.9 64.5 64.0 63.6 63.1 62.7 62.3 61.8 61.4 61.0 60.6 60.2 59.8 
21.0 72.5 71.9 71.4 70.9 70.5 70.0 69.5 69.0 68.6 68.1 67.6 67.2 66.8 66.3 65.9 65.5 65.1 64.6 64.2 63.8 63.4 63.0 62.7 
22.0 74.9 74.5 74.0 73.5 73.0 72.6 72.1 71.7 71.2 70.8 70.3 69.9 69.5 69.1 68.7 68.2 67.8 67.4 67.1 66.7 66.3 65.9 65.5 
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Table  J-4C:  Basic Energy Use (BEU)_- Storage Heat Pump Heater [no interpolation] 
Adjusted 
Recover

Energy Factor 

Load 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 
6.0 14.1 13.5 13.0 12.6 12.1 11.7 11.3 11.0 10.6 10.3 10.0 9.7 9.5 9.2 9.0 8.7 8.5 8.3 8.1 7.9 7.8 
6.2 14.4 13.8 13.3 12.8 12.3 11.9 11.5 11.1 10.8 10.5 10.2 9.9 9.6 9.3 9.1 8.9 8.7 8.4 8.2 8.0 7.9 
6.4 14.7 14.1 13.5 13.0 12.5 12.1 11.7 11.3 11.0 10.6 10.3 10.0 9.7 9.5 9.2 9.0 8.8 8.6 8.3 8.2 8.0 
6.6 14.9 14.3 13.8 13.2 12.8 12.3 11.9 11.5 11.1 10.8 10.5 10.2 9.9 9.6 9.4 9.1 8.9 8.7 8.5 8.3 8.1 
6.8 15.2 14.6 14.0 13.5 13.0 12.5 12.1 11.7 11.3 11.0 10.6 10.3 10.0 9.8 9.5 9.3 9.0 8.8 8.6 8.4 8.2 
7.0 15.5 14.8 14.2 13.7 13.2 12.7 12.3 11.9 11.5 11.1 10.8 10.5 10.2 9.9 9.6 9.4 9.1 8.9 8.7 8.5 8.3 
7.2 15.8 15.1 14.5 13.9 13.4 12.9 12.5 12.1 11.7 11.3 11.0 10.6 10.3 10.0 9.8 9.5 9.3 9.0 8.8 8.6 8.4 
7.4 16.0 15.4 14.7 14.2 13.6 13.1 12.7 12.2 11.8 11.5 11.1 10.8 10.5 10.2 9.9 9.6 9.4 9.1 8.9 8.7 8.5 
7.6 16.3 15.6 15.0 14.4 13.8 13.3 12.9 12.4 12.0 11.6 11.3 10.9 10.6 10.3 10.0 9.8 9.5 9.3 9.0 8.8 8.6 
7.8 16.6 15.9 15.2 14.6 14.0 13.5 13.0 12.6 12.2 11.8 11.4 11.1 10.8 10.5 10.2 9.9 9.6 9.4 9.2 8.9 8.7 
8.0 16.8 16.1 15.4 14.8 14.3 13.7 13.2 12.8 12.4 12.0 11.6 11.2 10.9 10.6 10.3 10.0 9.8 9.5 9.3 9.0 8.8 
8.2 17.1 16.4 15.7 15.0 14.5 13.9 13.4 13.0 12.5 12.1 11.7 11.4 11.0 10.7 10.4 10.1 9.9 9.6 9.4 9.2 8.9 
8.4 17.4 16.6 15.9 15.3 14.7 14.1 13.6 13.1 12.7 12.3 11.9 11.5 11.2 10.9 10.6 10.3 10.0 9.7 9.5 9.3 9.0 
8.6 17.7 16.9 16.1 15.5 14.9 14.3 13.8 13.3 12.9 12.4 12.0 11.7 11.3 11.0 10.7 10.4 10.1 9.9 9.6 9.4 9.1 
8.8 17.9 17.1 16.4 15.7 15.1 14.5 14.0 13.5 13.0 12.6 12.2 11.8 11.5 11.1 10.8 10.5 10.2 10.0 9.7 9.5 9.3 
9.0 18.2 17.4 16.6 15.9 15.3 14.7 14.2 13.7 13.2 12.8 12.4 12.0 11.6 11.3 11.0 10.7 10.4 10.1 9.8 9.6 9.4 
9.2 18.4 17.6 16.8 16.1 15.5 14.9 14.4 13.9 13.4 12.9 12.5 12.1 11.8 11.4 11.1 10.8 10.5 10.2 10.0 9.7 9.5 
9.4 18.7 17.9 17.1 16.4 15.7 15.1 14.5 14.0 13.5 13.1 12.7 12.3 11.9 11.5 11.3 10.9 10.6 10.3 10.1 9.8 9.6 
9.6 19.0 18.1 17.3 16.6 15.9 15.3 14.7 14.2 13.7 13.3 12.8 12.4 12.0 11.7 11.4 11.0 10.7 10.5 10.2 9.9 9.7 
9.8 19.2 18.3 17.5 16.8 16.1 15.5 14.9 14.4 13.9 13.4 13.0 12.6 12.2 11.8 11.5 11.2 10.9 10.6 10.3 10.0 9.8 
10.0 19.5 18.6 17.8 17.0 16.3 15.7 15.1 14.6 14.0 13.6 13.1 12.7 12.3 12.0 11.7 11.3 11.0 10.7 10.4 10.1 9.9 
10.5 20.1 19.2 18.3 17.6 16.8 16.2 15.6 15.0 14.5 14.0 13.5 13.1 12.7 12.3 11.9 11.6 11.3 11.0 10.7 10.4 10.2 
11.0 20.8 19.8 18.9 18.1 17.3 16.7 16.0 15.4 14.9 14.4 13.9 13.4 13.0 12.6 12.3 11.9 11.6 11.3 11.0 10.7 10.4 
11.5 21.4 20.4 19.5 18.6 17.8 17.1 16.5 15.9 15.3 14.8 14.3 13.8 13.4 13.0 12.6 12.2 11.9 11.6 11.3 11.0 10.7 
12.0 22.1 21.0 20.0 19.1 18.3 17.6 16.9 16.3 15.7 15.1 14.6 14.2 13.7 13.3 12.9 12.5 12.2 11.9 11.5 11.2 11.0 
12.5 22.7 21.6 20.6 19.7 18.8 18.1 17.4 16.7 16.1 15.5 15.0 14.5 14.1 13.6 13.2 12.8 12.5 12.1 11.8 11.5 11.2 
13.0 23.3 22.2 21.1 20.2 19.3 18.5 17.8 17.1 16.5 15.9 15.4 14.9 14.4 14.0 13.5 13.1 12.8 12.4 12.1 11.8 11.5 
13.5 23.9 22.7 21.7 20.7 19.8 19.0 18.2 17.6 16.9 16.3 15.8 15.2 14.7 14.3 13.9 13.5 13.1 12.7 12.4 12.0 11.7 
14.0 24.5 23.3 22.2 21.2 20.3 19.5 18.7 18.0 17.3 16.7 16.1 15.6 15.1 14.6 14.2 13.8 13.4 13.0 12.6 12.3 12.0 
14.5 25.2 23.9 22.8 21.7 20.8 19.9 19.1 18.4 17.7 17.1 16.5 15.9 15.4 14.9 14.5 14.1 13.7 13.3 12.9 12.6 12.3 
15.0 25.8 24.5 23.3 22.2 21.3 20.4 19.6 18.8 18.1 17.4 16.8 16.3 15.8 15.3 14.8 14.4 13.9 13.6 13.2 12.8 12.5 
15.5 26.4 25.0 23.8 22.7 21.7 20.8 20.0 19.2 18.5 17.8 17.2 16.6 16.1 15.6 15.1 14.7 14.2 13.8 13.5 13.1 12.8 
16.0 27.0 25.6 24.4 23.2 22.2 21.3 20.4 19.6 18.9 18.2 17.6 17.0 16.4 15.9 15.4 15.0 14.5 14.1 13.7 13.4 13.0 
16.5 27.6 26.2 24.9 23.7 22.7 21.7 20.8 20.0 19.3 18.6 17.9 17.3 16.7 16.2 15.7 15.2 14.8 14.4 14.0 13.6 13.3 
17.0 28.2 26.7 25.4 24.2 23.2 22.2 21.3 20.4 19.7 18.9 18.3 17.7 17.1 16.5 16.0 15.5 15.1 14.7 14.3 13.9 13.5 
17.5 28.8 27.3 25.9 24.7 23.6 22.6 21.7 20.8 20.0 19.3 18.6 18.0 17.4 16.8 16.3 15.8 15.4 14.9 14.5 14.1 13.8 
18.0 29.4 27.8 26.5 25.2 24.1 23.1 22.1 21.2 20.4 19.7 19.0 18.3 17.7 17.2 16.6 16.1 15.7 15.2 14.8 14.4 14.0 
18.5 29.9 28.4 27.0 25.7 24.5 23.5 22.5 21.6 20.8 20.0 19.3 18.7 18.0 17.5 16.9 16.4 15.9 15.5 15.1 14.7 14.3 
19.0 30.5 28.9 27.5 26.2 25.0 23.9 23.3 22.0 21.2 20.4 19.7 19.0 18.4 17.8 17.2 16.7 16.2 15.8 15.3 14.9 14.5 
19.5 31.1 29.5 28.0 26.7 25.5 24.4 23.3 22.4 21.6 20.8 20.0 19.3 18.7 18.1 17.5 17.0 16.5 16.0 15.6 15.2 14.8 
20.0 31.7 30.0 28.5 27.2 25.9 24.8 23.8 22.8 21.9 21.1 20.4 19.7 19.0 18.4 17.8 17.3 16.8 16.3 15.8 15.4 15.0 
21.0 32.8 31.1 29.5 28.1 26.8 25.7 24.6 23.6 22.7 21.8 21.1 20.3 19.6 19.0 18.4 17.8 17.3 16.8 16.4 15.9 15.5 
22.0 34.0 32.2 30.5 29.1 27.7 26.5 25.4 24.4 23.4 22.5 21.7 21.0 20.3 19.6 19.0 18.4 17.9 17.4 16.9 16.4 16.0 
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 Climate Zone Factor 

__________________________________________________ 
 

 1.14 1.04 

 2, 3 0.99 

 4, 5, 12 1.07 

 6-11, 13, 15 0.92 

 16 1.50 
 

 

 

 

______________ _________ _____________ 

Basic Energy Use x CZ Factor.   = BEU to Line 2a, 

 DHW-1  

 

Instructions:  Multiply Basic Energy Use by appropriate Climate Zone Factor from table.  Do not interpolate.  

 


